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Ilpe,ZJJ1CJIOBHe 

Ilepe.u HaMH KHHra o reo6Hoccpepe 3eMJIH - caMoopraHH3YIOIUeHCH CHC

TeMe H o ee 3BOJIIOUHH. Cpe.uH HarmcaHHoro Ha 3TY TeMy rrpe.unaraeMaH BHH
MaHHIO qHTaTeJIH «DHOcpHJHqecKaH 3KOJIOrHH» rrpHBJieKaeT BHHMaHHe Me)K

.UHCU11IJJIHHapHOH cospeMeHHOCTbJO, CBe)KeCTblO B11.UeHHH KJiaCcHqecKHX rro.u

XO.UOB, ruHpOTOH 11 o6mttoCThlO BJnrn.uos, a TaK)Ke .ueiicTBHTeJI&Ho HOBbIMH 

MbICJIHMl1. AsTop&1 MOHorpacpHH TPaKTYIOT 3KOJIOrHIO KaK cospeMeHHhIH cpe3 

3BOJilOUHH reo6Hoccpepbl - o6meii 3KOCcpephl 3eMJil1. 3BOJilOl.\HOHHb!H acrreKT 

pacKpbmaeTCH Ha OCHOBe rrpe.UCTaBJieHl1H OTHOCl1TeJihHO aBTOBOJIHOBOH caMO

opraHH3auHH B HepapxH11 conpH)KeHHbIX aKTHBHhIX cpe.u. B orrpe.ueneHHOM oT

HorneH1111 HaCTOHIUaH MOHorpacpHH HBJIHeTCi:I pa3Bl1Tl1eM He.uasHero H3.UaHHH 

«CHHepreTHqecKHe acrreKThr 3KOJIOrHH» (Teepòuf!loe B. A., Cuòopoea A. 3 ., 
/(Mumpuee A. B. CHHepreT11qecKHe acrreKThI per110HaJihHOH H rno6anhHOH 3KO

nornH: Yqe6ttoe rroco6He. JlHrreuK: IY ~ «JlHrreUKaH raJeTa», 2009. 325 c.), 

rrpo113se.ueHHH HHTepecttoro 11, Ha MOtt BJrJIH.U, y.uaqttoro, o.uttaKo BhmymettHo

ro BeCbMa MaJJb!M THpa)KOM. 

3KonornH, òe-rjJaKmo sce 6onee H.UeHTHcpHUHpyiomaH ce6H KaK ecTeCTB0-

3HaHHe H B6HpaiomaH KJllOl.feBble 3JieMeHTbl couHaJlbH0-3KOHOMHqecKl1X .UHC

UHIJJIHH, - HHTerpan&HaH HayKa o B3aHMO.UeHCTBHH H K03BOJIIOUHH )KHBOH H 

He)KHBOH npHpo.u&1. «H ayKa o .uoMe» npeTepnesaeT s nocne.uttHe ro.u&1 npHH

uHrrHaJI&Hbie H3MeHemrn : e O.UHOH CTOpOHbl, pa3pa6aTbIBalOTCH rno6aJibHh!e 

TeopeTHYeCKHe Mo.uenH 6Hoccpep&1, e .upyroii - cosepweHcTBylOTCH npe.u

cTasneHHH o TOHKHX 6HoueHOTHqecKHX MeXaHH3MaX a.uarnauHH H ycToi!q11soro 

pa3Bl1THH KOHKpeTHbIX 3Koc11cTeM. B o6oHx cnyqai:ix 3Konorni:i sce B 6011hrneii 

CTeneHH o6peTaeT CXO.UHh!e e 6HocpH3HKOH qepThl - B MaCWTa6ax, 3a.uaqax, 

rro.uxo.uax. Ilo.uo6Ho 3KonorHH, paccMaTpHsa10meii MHOroMepttbre BJaHM006y

c11osneHHhie rrpouecc&1 ~ oT Hooccpep&r .uo aToMoB, yqaCTBYIOIUHX B rno6anh

HbIX Kp yrosopoTax, - 611ocpH3HKa BKJIIOqaeT B o6naCTb CBOHX HHTepecoB HC

cne.uosaHHe sceìi. HepapxHH 6HOCHcTeM - OT cy6MoneKynHpHbIX CTPYKTYP .uo 

6Hoccpepbl B uenoM. 3TOMY BOrrpocy KaK pa3 H IJOCBHIUeHO BBe.UeHHe «DHOreo
ccpepa KaK rno6aJibHb!H 6HOTeXHOJJOrnqeCKl1H p eaKTOp». 

B I-ii rnase aBTop&1 paccMaTpttsalOT 3KonornqecKHe acrreKThJ pa3BHTHH 

UHBHJlH3aUHH; rrpHBOMT KpOIJOTJIHBO no.uo6p aHHYIO xpOHOJIOrHlO pa3BHTHH 

Ba)l(HeHWl1X HarrpaBJieHHH 3KOJIOrHH; .uaioT qpe3Bbfqai!HO y.uaYHOe orrpe.uene

HHe cospeMeHHOH 3KOJIOrl1H, KOTOpoe MHe XOTeJIOCb 6b! BOCnpOH3BeCTH 3.UeCh 

IJOJlHOCThlO: 
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3Kononrn - HayKa o MexaHH3Max B3aHMOAeHCTBH5l H COBMeCTHOM pa3BHTH"1 

6HOTHYeCKOH, a6HOTHYeCKOH H COU,HanbHOH cpeA HnH, HHblMH cnosaMH, 3KOno

rH5l eCTb CHCTeMHa5l HayKa o COBMeCTHOM pa3BHTHH {K03BOfllOLl,HH) He>KHBOH H 

>KHBOH npHpOAbl e yYaCTHeM COU,HyMa Ha 3eMne H, B nepcneKrnBe, - HayKa o 

pau,HoHanbHOM ynpasneHHH Hoocc)lepoH B rpaHHu,ax ee ycroHYHBoro pa3BHTH5l . 

Bo 2-tt rnase KHJfrll .uaHo C)!(aToe u CT}Joroe ll3JIO)!(eH11e cp!13HKO-XHMw-1ec-

KHX OCHOB cpyHKUHOHllpOBaHWI 6ttOJIOfH4eCKHX H 3KOJioruqecKHX CHCTeM. 

3-5l rnaBa - KJIJ04eBa5l B MeTO,llOJJOfHH OC03HaHH5l 3KOCcpephl KaK BeJJH

qaìhIJett CHHepreTHYeCKOH CHCTeMhl. 0Te4eCTBeHHa5l WKOJia 6uocptt311KH rrp11-

BHec11a B 611011oruio .usa rrpttHuttrrttaJihHO Ba)!(HhIX HarrpaBJJeHtt5l. Bo-rrepBhIX, 

:no rrpe.ucTaBJJeHH5l o caMOOpraHtt3aUHll B pacrrpe.ueJieHHhIX AHCCHIJaTHBHbI X 

CHCTeMax - aKTHBHbIX cpe.uax, r.ue B rrpOTOKe 3 Hepr11H H semeCTBa BpeMeHHO 

o6p33yJOTC51 ,lll!CCHIJaTHBHbie CTIJYKTYPbI e BbI,lleJieHHb!Mll CTeIJeH5lMH CB060nhI -

Harrpas11eHH5lMH pa3Bl!Tll5l Ml!Kpo- u MaKpocKorruqecKHX co6hITHH. CttcTeMbl 

MoryT 6bITb cpu3uqecKHMH, x11MttYeCKl!MH, 6110JioruqecK11Mtt H T . .u. Ba)!(HO, 

YTO HX o6oeMH5llOT cpytt,llaMeHTaJJhHhJe 3aKOHbl caMOOpraHll3aUHH. 11, BO-BTOpbIX, 

3TO MOJieKyJJ51pHbie MaWHHbl, KOTOphie cnoco6Hhl rrpeo6p330BhIBaTb IJOTOKH 

3Heprntt H HHcpopMal.{Hll H KOTOpb!e o6p33yJOTC5l B pe3yJihTaTe 6ttOCHHTe3a B 

KJieTKax no rrporpaMMaM, 3arreqaTJJeHHblM B reHOMax. ABTOpbl MOHorpacpHH 

BrrepBbJe pacrrpOC'TpaH5llOT rrpe.ucTaBJieHH51 o 6ttOJIOfJ1'!eCKHX KOHCTIJYKUll5lX, 

MOJieKyJJ5lpHblX MaWHHax, 0611a.uaJOUlHX BbI,lleJJeHHb!MH CTerreH5lMH CB06onbl, 

Ha MaKpOCKOIIHYeCKYJO uepapXl!IO corrpmKeHHbIX 6uoreocpH3H4eCKHX aKTHB

Hb!X cpe.u. 

B 4-tt rnase tt3JJO)!(eHhI o6mue rrpeACTaBJieHtt5l o rrpoucxo)!(.ueHttH )!(l!3HH 

Ha 3eMJie, npose.ueH aHaJJH3 ,llOCTH)!(eHHH H He,llOCTaTKOB B H3BeCTHbIX Teopu-

51X. Ha.uo CKa3aTb, YTO B 'TpaKTOBKax 611011oruqeCKHX CTa,llHH 3BOJIIOUl111 )!(llBb!X 

CHCTeM eCTh He51CHOCTll, rrpornBopeqJ15l H nporrycKH, HO B o61l.{errpttH5lTbIX rrpe.u

CTaBJieHl15lX o .uo611011oruqecK11X CTa,llH5lX 3BOJIIOI.{HH cyll.{eCTByeT BOflHJOIUee 

npOTHBOpeq11e. l13BeCTHO, 4TO )!(l!Bble CHCTeMbI, e TO'IKH 3peHl15l TepMO,llHHaMH

KH, - 06beKTbl, CYJUeCTBeHHO y.uaJJeHHhie OT COCT051HH5l TepMO,llHHaMHYeCKOro 

pasttosectt51. TeM He MeHee 061UerrpttH5lTb1e KJiacctt'!eCKHe rurroTe3bI rrpoucxo)!(

.lleHH51 )!(J1Bb!X KJieTOK C'Tp051T HCXO,llHhie MO,lleJJH OT CHCTeM HCXO,llHO paBHOBec

Hb!X, rrpeHMYJUeCTBeHHO a.ucop6u110HHbIX. ABTopb1 MOHorpacp11u npe.u11araJOT 

a6coJJJOTHO HOBYJO cxeMy rrpoucxo)K,neHl15l .UHCKpeTHhIX, TepMO.llHHaMttYeCKH 

HepaBHOBeCHbIX npe.uwecTBeHHHKOB )!(HBbJX KJieToK. B ocHoBy p33BttBaeMoro 

HMH no.uxo.ua IJOJIO)!(eH 06IUHH cp113H4eCKHH rrpHHUHII cpopMttpOBaHH5l 3aKOHO

Me pHOCTeH 3BOJJJOUHH Bce11eHHOH 11 )!(J13HH Ha 3eM11e qepe3 qepe.uy u B03HHK

HOBe Htttt, H HapyweHHH HOBb!X CHMMe'TpHYHhlX H aCHMMeTpH4HblX COCT051HHH 

.U HHa Mtt4eCKHX CHCTeM. 

BrrepBbie 3KcrrepttMeHTaJibHO o6ocHoBaHo, YTO ucxonHa51 y.ua11eHHOCTb 

npe.uweCTBeHHHKOB )!(llBb!X KJJeTOK OT COCT05lHll5l TepMO,llHHaMHYeCKOro paB

HOBeCH5l HerrocpenCTBeHHO CB5l3aHa CO CIIOHTaHHblM B03HHKHOBeHtteM B He

paBHOBeCHOM TOHKOM IJOBepxHOCTHOM CJJOe MOpCKOH BO.Uhi .usyx COI1p5l)!(eH-
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HhlX <fiyH.D,aMeHTaJJhHblX 6HOJJOrH'·IeCKHX aCHMMeT})HH: KJJeTOlJHOH - HOHHOH 

H MOJJeKyJUipHOH - XHpaJJbHOH. l10HHa» aCHMMe-rpm1 rrpe.norrpeneJJHJJa crro

co6HOCTb .D,HCKpeTHblX rrpOTOKJJeTOK K pearHpOBaHHIO Ha BHeWHHe B03Myme

HH51 KaK Heo6xo.D,HMOe ycnoBHe HX BKJllO'IeHH51 B foJOJJOrn'IeCKyIO 3BOJl!Ol(HIO, 

XHpanbHa» - O.D,H03Ha'IHYIO MOJJeKyJJ»pHylO CTepeocrrel(H<fiH'IHOCTb yrnepo.n

Hh!X coenHHeHHH B rrpol(eccax 6HOCHHTe3a H MeTa6onH3Ma. PaHee B paMKax 

1nyqeHI·rn: peryn»l(HH sa:arneHWHX CTa.D,HH OHTOreHe3a paccMaTpHBaJJH JIHIIIh 

BKJJIO'leHtte L-tt3oMepos B pu6ocoManhHhIH cHHTe3 6enKoB. A0TOph1 rrpenna

raIOT HOBhIH B3rJJ51.il, OTHOCHTeJJhHO HerrocpencTBeHHOro yqaCTH» D-H30MepoB B 

<PopMttpoBaHl1l1 «XHpanhHOH lJHCTOTbl 6Hoc<PephI». 

ABTOpaMH rrpe.D,JJO)l(eHa l1 o6ocHOBhIBaeTC51 rHllOTe3a, cornaCHO KOTOpOH 

<PHJJoreHeTH'IeCKHH 3aKOH feKKeJJH ( «Ka)l(.D,hlH 6ttonorttlJeCKHH BH.il, llOBTOpHeT 

CBOIO 3BOJJI0l\HOHHYIO l1CTOpl110 B xone OHTOJJOrtt'!eCKOro pa3BHTmrn) MO)l(eT 

6bJTh pacrrpoc-rpaHeH Ha nsa COllOCTaBHMhlX e TOl.JKH 3peHH51 6Ho<Ptt3HKH rrpo

l(ecca - Ha rrpol(ecc B03HHKHOBeHH51 .D,HCKpeTHhIX rrpenIIIeCTBeHHHKOB )l(HBhlX 

KJJeTOK s npesHeM oKeaHe tt Ha HalJaJJhHhie 3Tarrhr 3M6puoreHe3a, a TaK)l(e HO

soe IlOJIO)l(eHHe: CTapTOBhie npol(eCChI, CB513aHHhle e <fiopMHpoBaHtteM nsyx 

<fiyttnaMeHTaJlhHh!X aCHMMeTpHH (KJJeTO'IHOH - HOHHOH H MOJJeKyJUipHOH -

XHpanhHOH), CXO.D,Hhl H 51BJJHIOTC51 corrpH)l(eHHhIMH 6tt<PypKal(H51Ml1, na10mttMl1 

Ha'IaJJO )l(H3HH Ha npeBHeH 3eMne H HH.D,l1Bl1.D,YaJlh1!0H )l(l13HH MHOroKJJeTO'lHO

ro opraHtt3Ma. 

CYIIIeCTBeHHOH no o6beMy u 3Ha'lttMocTH nonHHThrx sonpocos BH.D,HTCH 

5-H rnasa, rrocsHmeHHaH paccMo-rpeHHIO 3BOJJIOl\HH reo6ttoc<Peph1 3eMnH. Oc

HOBHhIM CBH3yIOmHM 3BeHOM Me)l(ny 6tto<PH3l1KOH H 3KOnorneH, rro MHeHHIO 

aBTOpOB MOHorpa<PHH, cn~aT rrpencTaBJJeHM o e.D,HHCTBe 3aKOHOB caMoopra

HH3al(HH, rrpoHH3hIBaIOmHx He)l(ttBYIO u )l(HBYIO rrpupony. CymecTsyIOT 3aKOHhI 

pa3BHTH51 CHCTeM, IlOTOMY Henerro rosopHTh o «CaMOH rnaBHOH MOJJeKyne». 

HttKaKaH H3 HHX - .[J.HK, PHK, 6enoK, nunttn, rronucaxapHn - He MO)l(eT 

npenorrpenenttTh 3BOJJIOl\HIO. l1 CHCTeMa tte MO)l(eT npenonpenenttTh, HO oHa 

llOCTa.D,MHHO npoKJJa.D,blBaeT TpaeKTOpHIO ycTOHlJHBOro rrporpeCCHBHOro pa3Bl1-

TH51 - 3BOJIIOl\l1IO, IlOJJh3YHCb CBOHCTBeHHhIMH eH YHHKaJJhHhlMH CTeneHHMH 

cso6onhl. Ba)l(Hetiruee ycnostte - cttcTeMa non)l(Ha 6bITh nocraTO'IHO nonHoH 

H e Heo6xo.D,HMOCThIO BKJIIO'IaTh ttepapxHIO aKTHBHb!X cpen, KOTOpbre B TOlJKax 

6tt<PypKaL1HH BhI.D,eJJHIOT HanpasneHtte pa3BHTH51 . 

CHcTeMa o6nanaeT KOHCTIJYKLIHeH, c03na10meticH rryreM caMooprattH3al\HH, 

H llOTOMY o6nanaeT BhI.D,eJJeHHbIMH CTerreHHMH cso6onhl - neTepMHHHpOBaH

Hh!Ml1 BhI.D,eneHHhIMH HanpaBJJeHHHMH pa3BHTH51. 3To conpH)l(eHHhie aKTHBHhie 

cpe.D,hI, B KOTOphie BXO.D,HT ypoBHH - reHeTH'leCKHH, MeTa60JJl1Tl1'IeCKHH, Lll1-

TOJJOrH'IeCKHH, Qitt3HOJJOrH1.JeCKl1H, opraHH3MeHHhIH, rrorryJJHLIHOHHhIH, 6tto1.1e

HOTH'IeCKHH H TaK snnoTh no reo6Hoc<fiepHoro. Kn10qe00H yposeHh, nocra

TO'IHhIH MH o6ecne'leHH51 JJOKaJJbHOH ycTOH'IHBOCTH l1 na6ttJJhHhIH .D,JJH l13MeH-

4HBOCTH Ha 3BOJJIOLIHOHHOM rryrH, - yposeHh 6ttol(eH030B. CJIO)l(HOCTh 3TOH 

«KOHCTIJYKLIHM» onpenenHeTCH CHCTeMOH HeaMHTHBHhIX B3aHMO.D,eHCTBl1H npH-
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MbIX 11 o6paTHbIX IIOJIO:>Kl1TeJibHhIX 11 orpm.i,aTeJihHblX CB~l3eif, HarrpaBJIHJ011.l,11X 

BeKIOpbI .u11sepreHu1111 11 KOHBepreHu1111 s xo.ue 3BOJIJOI.J,1111. Bo3H11Ka1011.J,aR «CJIO:>K

HOCTh» - co6Jia3Hl1TeJibHbIH, HO CTOJib :>Ke HerrpO,ll)'KTl1BHhIH TepM11H ,UJIH oxa

paKTep1130BaHHH HarrpaBneHHOCTH 3son10u1111, s T. 'L 611onoruqecKoif . B Hayq

HOH Jil1Tepazype KpHTep11eM 3TOH CJIO:>KHOCTl1 BbICTyTia!OT Te HJIH HHbJe rrapa

MeTpbl CTPYJ<TYPhI 3KOCl1CTeM, B TO speMH KaK onpe.ueJIHI011.l,11M KpttTeptteM 

MO:>KeT CJI}l)Kl1Tb HX ,lll1HaM11qecKaH ycToifq11soCTb Ha ypOBHe M11Kp0- 11 MaKp0-

3BOJIJOUHl1 . KaK crrpase.un11so OTMeqaIOT asrophr MOHorpaqrn11, «pa3s11saro11.J,aH

CH CHCTeMa CTaHOBl1TCH rrporpeCCl1BHOH, Jil1Illb rrorras Ha ycTOH'-IHBY!O TpaeKTO

p11!0 pa3BHTHH B rrpocrpaHCTBe KOHKpeTHbIX 6uoreoKJIHMaT11qecKl1X ycJIOBHH H 

B COOTBeTCTByJ011.J,eM BpeMeHHOM HHTepBaJie». 

TaKHM o6pa30M, aBTopaMH BrrepBbJe HBHbIM o6pa30M BbICKa3aHa H o6oc

HOBaHa KOHI.J,eIII.J,HH o TOM, qTo reo6uoccpepa - MHOroMepHaH CJIO:>KHaH uepap

x11qecKaH aKTHBHaH cpe.ua. B KOHuenuuHx JTOH napa.uurMhI HHTepecHo 6b1no 

6hI paCCMOrpeTb B rrpocrpaHCTBeHHO-BpeMeHHOM KOHTeKCTe IIOTOKl1 Be11.J,eCTBa 

11 JHeprn11 B cpe.uax reo611occpepb1: JIHTO-, rn.upo- 11 aTMOccpepe, a TaK:>Ke oco-

6eHHOCTl1 rrpoueccoB caMooprattH3au1111 B rrp11po.uHo-attrporroreHHhIX c11cTe

Max, 3KOJioruqecKy!O 6e3orraCHOCTb H HH:>KeHepHbie acrreKTbI 3KOJIOr1111. 3a

BepIIIaR qTeH11e MOHOrpacp1111, .uo6po:>KeJiaTeJihHblH q11TaTeJib HMeeT BCe OCHO

BaHl1H rronaraTh, qTo ee rrpo.uon:>KeH11eM cTaHyr HCIBhie rnaBhI, Kaca1011.J,11ec.H 

MaTeMaTuqeCKl1X MO,Ueneif 3KOJior11qecKl1X 11 3KOJioro-cou11aJibHbIX Cl1CTeM. 

B ueJIOM - 3TO Heop,U11HapHaH KHl1ra e HOBbIMH MbICJI.HMl1 11 HOBbIMl1 

IIO,llXO,UaM11. l1 e11.J,e: 3TY Hayqttyro KH11ry HHTepeCHO quTaTb. 

,l(oKmop 2eOJl020-MUHepanozu<JeCKUX HayK, 

3aeeòy10iquu Kapeòpou UH:J/CeHepHOU u 3KOJI02U'lecKOU 2eOJ102UU 

2eoJ102u<JecK020 paK)lllbmema MI'Y w.teHu M. B. JloMoHocoea 

npopeccop BuKmop Tumoeu<J TpopUMoe 



BeedeHue 

Enoreoccpepa KaK rno6aJihHhIH 
6noTeXHOJIOrnqecKHH peaKTOp. 
Enocpn3nqecKa5I 3Konorn51 
B ClICTeMe HayK 

Pocr Hay4HOro 3HaHHl1 xx B. 6biCTPO crnpaer 
rpa HH Me)l(AY OTAe/\bHblMH HayKaMH. Mb! sce 60/\bWe 
cnel(Ha11H3HpyeMc11 He no HayKaM, a no npo611eMaM. 

B. 11. BepHa4cK11fi 

HaIJaJJO XX CTOJienrn 6brno OTMeIJeHo TJJII)'McpaJihHhIM 3asepwett1IeM KJiac

ClfIJeCKIIX CT3,l\11H pa3Bl1Tl1H cpytt,llaMeHTaJibHbIX 11.ayK: cp1I31IKl1, XIIMl11f, 61IOJIO

n111, ttayK o 3eMJie, cocT aBJI»IOIUIIX octtosy ecTeCTB03H3HlfH . Hx ,l\OCTmKeHIIH 

lf3BeCTHhI. Ha'IaJJO Hhrnewttero XXI B. 0 3HaMeHosanocb BhI,l\3IOIUHMHCH ,l\OC

TmKeHHHMl1 OCTpO cneu11aJil131IpOB3HHbIX HanpasJieHHH 3Tl1X ttayK, np!I'IeM 

caMa cneu11aJI113aUIIH ,l\OCT11rna 3ase.L10Mo 3anpe,lleJihHOro ypoBHll . BMecTe e 

TeM BCe 6onee 3Ha'IIIMOH CTaHOBIITCll TeH,lleHU11ll, CBll33HH3ll e KOHBeprettu11eì1 

HayK, np111IeM He TOJibKO ecTeCTBeHHbIX, HO TaIOKe r)'MaHl1T3pHblX 11 COUl13Jlb

H0-3KOHOMJ1'feCK11X. H, KOHe'IHO )!(e, MaTeMaTIIKl1. 

Jl.11cpcpepeHu11au11ll HayK Hel!BHblM o6pa30M 6a3IIp0BaJl3Cb Ha MaTep!IaJJl1-

CTl1'IeCKOM npe,llCT3BJie-Hl11f o HeCBO,l\lfMOCTl1 Bb!Cllll1X cpopM ,l\Bl1)!(eHm! M3Te

p11II K Hl13llllfM, Ha cpaKT!f'IeCKOM 01]JHUaHl111 pe,llYKU110HII3Ma. 0,l\H3 KO npOTl1-

BOCTOlllUl1e lf,llel1 pe,llyKUIIOHl13Ma 11 3KTl1BHOro HX OTPIIU3Hl1H, BOCT}Je6osaH

HbJe XIX 11 XX cToneT11HM11, He3aMeTHO yTpaT11JI11 cso10 attTaroHHCTH'IHOCTh 

3a nocJie,l\Hl1e ,lleCllTHJieT11ll, KOr,lla ecTeCTBeHHhle HayKlf nepe!IIJIH OT 113yIJeHl1H 

CTJJYKTYPhI MaTep!III K II3yIJeH1110 MexaHII3MOB ee pa3Bl1Tl1ll. Pa3BIITIIH Ha scex 

ypOBHllX opraHlf33U1111 - OT aTOMHO-MOJieKyJillpHoro ,l\O 3KOCl1CTeMHOro, co

UIIaJibHOro, KOCMl11JeCKOro . B rna3ax Y'feHoro M11pa CTOJib pa3Hal! no CBOHM 

cp11311'IeCKl1M II Xl1Ml11JeCKl1M CTJJYKTYPHhIM OCHOBaM M3Tep!I3JlbH3ll BceJieHHal! 

oKa3aJiaci, Y.LllIBIITeJihHO ytt11sepcaJJhHOH B npOCl]JaHCTBeHHO-speMeHHhIX npo

l!BJieH!fl!X csoero p33BHTl1ll KaK npoTO'IHOH ,ll11cc11naT11BHOH c11cTeMbI. TI0.L106-

ttoe ,l\Bl1)!(em1e MhJCJilf npo1I30!IIJIO 6naro,llapH CMette napa,lllfrM MhIWJieH11ll: OT 

JIHHeHHOH ,lleKapTOBOH - K HeJI11HeHHOH ClfHepreT!f'IeCKOH [ 1- 3 ]. 
b1IOcp1I311'IeCKall 3KOJIOrl1ll 113yqaeT 611ocp113H'IeCKl1e DO,l\XO,l\bl K Bb!HBJie

Hl1lO MexaH!f3MOB Ba)!(tteì1wIIx 3 KOJIOrn'IeCK11x npoueccos. ABTopbI HaCTOl!IUeii 

MOHorpacjrn11 cTaB11JI11 csoeì1 ueJihIO npo,llOJI)!(l1Th pacnpocTpattett11e 611ocp11311-
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qeCKifX TIOL(XOL(OB H MeTOL(OB, ycneurno 3apeKOMeHL(OBasumx cefo1 B H3yqeHiflf 

crpyKTyphl H <iiYHKUifH )!(HBOH MaTepHH Ha MOJieKYJU!pHOM, KJieTOqHOM H opra

Hif3MeHHOM yposHe [ 4], Ha MaKpOCKOnHqeCKHH yposeHh 6Horeocqiepbl, BKJI!O

qa51 HOBeHWife npeL(CTaBJieHif5! o ee 3BOJI!OUifH. MaTepllaJibI KHifrlf OXBaTbIBa

!OT lUHpOKHH Kpyr npo6JieM, TpaKTYJOll!HX 3KOJIOrH!O KaK BpeMeHHOH cpe3 

3BOJI!OUifH, HaqifHa5! OT OCHOBHhIX TIOJIO)!(eHHH KJiaccHqecKOH 3KOJIOrlflf If <!ilf-

3HKO-XIfMHqecKHX OCHOB npOHCX0)!(L(eHH5! )!(If3HH Ha 3eMJie BTIJIOTh L(O pac

CMOTpeHH5! 6HO<!iH3HqeCKHX acneKTOB 3BOJI!OUHH 6Horeoc<tiepb1. 

TepMHH <OKOJIOrH5!» (rpeq. oicos - L(OM If logos - 3HaHHe) 6hrn npeL(JIO

)!(eH HeMeUKHM 6HOJIOroM 3. feKKeJieM B 1866 r. TipllMeqaTeJibHO, qTo B pyc

CKOH HayqHoìi JIHTeparype nepsbIM ero IfCTIOJih30BaJI s 1869 r. 6yL1yll!IfH Ho6e

nesCKHH naypeaT H. H. MeqHHKOB. TipeL1hICTOpH5! 3KOJIOrlfH socxoL(IfT K -rpyL(aM 

ttarypanllCTOB If reorpaqios XVIII- XIX BB., H KaK caMOCT05!TeJibHa5! HayKa 3KO

JIOrlf5! oqiopMHJiaCb K HaqaJiy xx B. 3KOJIOrH5! H3yqaeT ycJIOBif5! cyll!eCTBOBa

Hlf5! )!(HBhIX opraHH3MOB H MexaHH3Mhl IfX B3aHMOL(eHCTBl15! CO cpeL(OH o6HTa

Hif5!. 3TH B3aHMOOTH01UeHH5! q_ ,UapBHH CqHTaJI ycJIOBH5!MH, nopO)!(L(a!Oll!HMH H 

onpeL(eJIJ!!Oll!HMH 6HOJIOrH'IeCKyIO 3BOJI!OUH!O. 3KOJIOrlf5! KaK HayKa npowna 

pa3BHTife OT pa3L(eJia 6HOJIOrHH qepe3 npttpOL\OOXpaHHbie KOHUeIIUHH K rrpeL(

CTaBJieHif5!M o ttoocqiepe KaK 6Ifocqiepe, s KOTopoìi qenoseqecTBy OTBeL(eHa se

JIIfqanwM C03IfL(aTeJihHa5! H OL(HOBpeMeHHO .nec-rpYKTHBHa5! pOJib. Tiapa.nttTMa 

aH-rporroueH-rpll3Ma, L(OMHHHPY!Oll!a5! L(O Harn11x L(Hètt B 3KOJIOrlfl1 H 11CTOpifqe

CKl1 CB5!3aHHa5! c TpaL(l1Ul10HHhIM 6IfOJIOr11qeCKifM IIOL(XOL(OM, ecTeCTBeHHhIM 

o6pa30M CMeH5!eTC5! 11HTerpaJibHbIM IIOL(XOL(OM K 3KOCl1CTeMaM KaK COBMeCTHO 

3BOJI!OUl10H11pyIOll111M rrp11pOL(HO-aHTporroreHHhIM KOMIIJieKCaM. 

CTaHosnem1e 3KOJIOrH11 s Pocc1111 CB»3àHO c 11MeHaM11 BhIL(a!Oll!l1XC5! oTe

qecTBeHHhIX 3oonoroB cepeL(l1Hhl XIX B. A. <!>. M11MeHL(opqia 11 K. <!>. Pynhe. 

TiepBhIH paccMaTpHBaJI rrp11poL1y KaK eL(11ttoe uenoe, a rrpoueccb1 - B 11x s3a11-

MOL(eìicTs1111. BTopoìi, ero yqeHl1K 11 IIOCJieL(OBaTeJib, TIOL(qepKllBaJI Heo6xo.n11-

MOCTb 113yqeHl15! opraHH3MOB B eL(HHCTBe CO cpeL(OH, rrpeL(JIO)!(HB 3aKOH 06ll!e

Hl15!, IfJil1 L(BOHCTBeHHhIX HaqaJI, IIOKa3bIBa!Oll!l1H, qTO «Ka)!(L(Oe )!(HBOe cyll!eCT

BO nonyqaeT B03MO)!(HOCTb K )!(113HH qacTb!O 113 ce65!, qacTb!O H3 BHelUHOCTH». 

Mo)!(HO cKa3aTh, qTo K. <!>. Pynhe rrpnHaL(Jie)!(l1T 3acnyra pa3pa6oTKH o6ll!HX 

Kottuenunìi cospeMeHHOH 3Kononrn. Ero rroCJieL(oBaTeJih H. A. Cesepuos no

n aran, qTo OCHOBHa5! 3aL(aqa 113yqeHif5! MHpa )!(11BOTHh!X - «11CCJieL(OBaTb npe-

11MYll!eCTBeHHO o6pa3 )!(If3HH )!(IfBOTHbIX If OTHOllleHHe HX K BHelUHl1M ycJIOBH-

5!M». 3TH yqeHbie 6bIJIH, HeCOMHeHHO, rrepBbIMH 3KOJioraMH, BHL(eBlUifMif ueJIH 

11 3 HaqeHHe 6HoueHOT11qeCKl1X IfCCJieL(OBaHl1H. TipOlUJIO MHOro JieT, rrpe)!(L(e 

•1eM 11x rr110HepcKHe pa60Th1, a TaK)!(e TPYL\hI B. B . ,UoKyqaesa np11BJieKJI11 

BHHMaHne yqeHb!X-3KOJIOroB, B TOM q11cJie 3apy6e)!(HbIX. 

B 20--30-x rr. XX B . npo11301UJI0 6ypHoe pa3s11rne 3KOJiorn11: 6brn11 cqiop

Myn 11posaHhI OCHOBHble 3aL(aqH 113yqeHH5! IIOIIYJI5!UHH If C006ll!eCTB (q. 3JITOH), 

npeL(JIO)!(eHhl MaTeMaTifqeCKHe MOL(eJil1 pocT a qHCJieHHOCTH rrorryJI5!Ul1H 11 HX 

03a11MOL(eHCTBHH (B. BoJibTepa, A. JloTKa), rrposeL(eHhI na6oparnpHhle onhIThI 
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no nposepKe 3Tl1X MO,UeJleH (f. <D. ray3e). B rn.upo6HOJlOnm Ha4aJlOCb KOJlH

qecTBeHHOe H3yqeHHe npesparueHHH seruecTsa 1-1 3HeprHH coo6ruecTsaM11 op

raHl13MOB, np114eM so.uoeMbl paccMarp11BaJll1Cb KaK ueJlOCTHbie 3KOCl1CTeMbl. 

I1own11e <OKOCHCTeMa» BBeJl A. TeHcJl11 B 1935 r. K cepe.u11He XX B. cpopM11-

pyeTc» ofaua» 3KOJlOrl1H, HO BMeCTe e TeM np011CXO.U11T rny6oKoe npaKTH4eCKOe 

113yqeH11e ~OHKpeTHbIX 3KOCl1CTeM. Tor.ua )Ke pa3Bl1BaeTc» cp113110Jlor11qecKa» 11 

3BOJllOUHOH}Jan 3KOJlOrHH (C. C. lllsapu). B 70-e rr. XX B. cpopMHpyeTc» 3KOJlO

rHH 4eJlO~Ka 11 COUl1MbHa» 3KOJlOrHH, pe3KO B03pacTaeT npaKTl14eCKOe 3Ha4eH11e 

3KOJlOrl111 KaK CHCTeMHOH OCHOBbl KOMIIJleKCHOro peweHHH npo6JleM np0113BO.UCT

sa, npHpo.uooxpaHHbIX MeponpHHTl1H, .ueMorpacp11qecKHx npo6JleM 11 T . .u. 

Oco3HaH11e cneu11cp1-1qecK11x 3aKOHOMepttocTeH 03a11MOOTHOWett11ii opra

Hl13MOB co cpe.uoif Ha ypostte oco6eif, nonyJl»u11ii, 611oueH030B C03.UaJlo npe.u

nochrnKy .UJlH Cl1HTe3a 3HaHl1H Ha scex ypOBHHX opraH113aUHH )Kl1BOro 11 n03BO

Jll1Jl0 nocrp011Tb KOHuenu1110 rno6aJlbHOH 3KOJlOr1111, Hay4HOH OCHOBOH KOTO

pOH nOCJl~HJl TPY.U B. 11. BepHa.UcKoro «1>11occpepa» (1926). B tteM 6hrnw 

pa3BHTbl npe.ucTaBJleHHH o nJlaHeTapHOH reOXl1MH4eCKOH p0Jll1 )KHBOro serue

CTBa. 3KoJlorn aKTHBHO socnp11Hj!Jll1 11.ue11 B. 11. BepHa,ncKoro, H ~e B 1928 r. 

B. H. EeKJleM11wes BbI.UB11HYJl KOHuenu1110, cornacHo KOTopoif sce )Kl1Boe se

ruecTso 611occpepbl paccMaTp110aJlOCb KaK HeKOTOpoe Cl1CTeMHOe e,U11HCTBO. 

TI03)Ke, s 1940 r., B. H. CyKaqes BBeJl nottnT11e «p11oreoueH03», TpaKTY» ero 

KaK e,UHHYIO TepMO.UHHaMl14eCKyIO Cl1CTeMy. Hepe,UKO 6110JlOrH OTO)K,UeCTBJlH

lOT 611oreoueH03 e 3KOCl1CTeMOH. 3TOT TepM11H TaK)Ke npttMeHj!lQT B reorpa

cp1111 M» onpe.uerreH11» 3JleMeHTa JlaH.uwacpTa. Ho eCJlH reorpacpbl 11ccJle,n:y10T 

Tepp11TOpmo e cyrueCTBYlOIUHM Ha HeH 611oreoueH030M, a reOXl1Ml1Kl1 - .n:011-

)Kett11e XHMl14eCKl1X 3JleMeHTOB Ha 3TOM npocrpaHCTBe, TO 3KOJlOrl1 H3y4alOT 

BeCb KOMnJleKC npoueccoB 11 HBJleHl1H, BHyTpeHHl1e B3al1MO,UeHCTBl1j! KOMno

HeHTOB, COBOKynHOCTb npj!Mb!X H o6paTHblX CBj!3eH. 

Tio 3TOH npH4HHe 3KOJlOrl1H YHHKaJlbHeHWHM o6pa30M COOTBeTCTByeT 

«11.n:eoJlOrHH», CHHepreTH4eCKHM no.uxo.uaM H MeTo,n:aM (MaTeMaTH4eCKl1e MO

,UeJlH CJlO)KHblX CHCTeM) 611ocpH3HKH - HayKe o MexaHH3Max cpyHKUl10HHposa

Hf!j! H pa3BHTl1H )KHBbIX Cl1CTeM KaK CJlO)KHbIX ,Ul1HaMH4eCKl1X Cl1CTeM B 11X 

03a1-1Mo.ueì1cT01111 11 pa3011T1111 , B npoueccax caMoopraHH3au1111. 

3aMeTHM, '-ITO pa3,UeJleHHe HayK o )KHBOM 11 He)KHBOM KaK H CTOHBJleHHe ca

MOH 6110JlOrHl1, ee BbI,UeJleH11e 113 cpH311KH - HaYKH o npHpo.ue - npOH30IlIJl0 

OTHOCHTeJlbHO He,UaBHO. TepM11H «6110JlOrl1j!)) 6bIJl npe,UJlO)KeH B 1802 r. He3aBH

CHMO H npaKTH4eCKH O.UHOBpeMeHHO )JfaHOM I>arnCTOM JlaMapKOM (17 44-1829), 

cppaHQYJCKHM ecTeCTBOl1CnbITaTeJleM, 3BOJllOUl10HHCTOM, BeJll1KHM npe.n:wecT

BeHHl1KOM 0err11Koro lfapJlb3a .JJ:apB11Ha (1809-1882), 11 HeMueM foTcppH.UOM 

PeiiHXOJib.UOM Tpes11paHycoM ( 1776-1837). 0.uHaKo He ycneJl11 6HOJlOrHH 11 cpH-

311Ka pa3Me)KeBaTbCH no npeJ(MeTy HCCJle.uyeMbIX o6beKTOB, KaK BblllIJla B CBeT 

113BeCTHa» KH11ra «fpaMMaT11Ka HaYKH», Han11caHHa» ocHosonoJlO)KHl1KOM 6Ho

cp11311K11 aHrnHHCKHM MaTeMaTHKOM KapJlOM I111pcoHOM (1857-1935), B KOTOpoif 

OH .n:aJl O,UHO H3 nepBblX onpe.ueJleHl1H 611ocpH311KH (B 1892 r.) (cM. [3]): 
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Mbr He MO>KeM e nonHOH ysepeHHOCTblO yrnep>K,D,aTb, 4TO >K113Hb ecTb MexaHl13M, 

AO Tex nop, noKa Mbl He 8 COCT051Hl111 yKa3aTb 6onee T04HO, 4TO 11MeHHO nOHl1-

MaeM Mbl nOA TepM11HOM .. MeXaHH3M" 8 np11MeHeH1111 K opraHl14eCKl1M Te/lbU,aM. 

Y>Ke Tenepb npeACTasnHeTrn HeCOMHeHHblM, 4TO HeKOTOpbr~ 0606LLJ,eH11H cjJ11311 -

K11 - 8 oco6eHHOCTl1 Be/ll1Kl1H np11Hu,11n coxpaHeHl151 3Heprn11 - onl1CblBalOT .. . 

4aCTb Hawero 4YBCTBeHHOfO OnbrTa OTHOrnTe/lbHO >Kl13HeHHblX cjJopM. Hy>KHa .. . 

OTpaC/lb HayK11, 11Me10LLJ,aH csoer:i 3aAa4er:1 np11no>KeH11e 3aKOHOB HeopraH11Ye

CK11x 51BlleH11H, cjJl1311Kl1 K pa3811THIO opraHH4eCKl1X cjJopM ... <PaKmbl 6UOJ102UU -

MOp</JOJ102UU, 3M6puOJI02UU u </JU3UOl102UU - o6pa3y/Om 'IOCmHble CJIY'IOU npuno

)l(eHUR o6w,ux </JU3U'leCKUX 30KOHOB .. . fly'lwe 6blf10 6bl H03BOmb ee 6uo</JU3UKOìJ ... 

(Kyprns MOH. - B. T.). Er:i np11Ha,lJ,Jle>KHT KpynHoe 6yAyLLJ,ee». 

Kmira npHHecna TI11pc0Hy TaKoif )!(e ycnex, 'ITO H KpHBbie pacnpe.neneHm1 

CJJy'!aHHblX BeJJH'IHH (1894), HO 6hrna coseprneHHO He3acny)KeHHO paCKpHTH

KOBaHa qmnococpaM11-MapKc11cTaMH (s qacTHOCTH, B. H. JlettHHhIM B Ktt11re 

«MaTepHaJJH3M H 3MilHOKpHTHUH3M») 3a HAeanHCTH'!eCKHe B3fm1Abl. 

B pe1rn, npOH3HeceHHOH B 1901 r. npocpeccopoM MocKOBCKoro yH11sepc11-

TeTa BhIAa!OIUHMCll pocc11ifcKHM cp113HKOM H . A. YMOBhIM, «Cl>H3HKO-MexaHH

qecKa51 Mo.nenh )KHBOH MaTepHH», TaK)Ke rosop11noch no cymecTsy o CTaHosne

HHH 611ocpH3HKH, 6a3HposaBIIIeHCll Tor.na Ha .nsyx H3BeCTHbIX 3aKOHax KnaCCH'!e

CKOH TepMO.IlHHaMHKH. B Hel!BHOM 011.ne HM 6brnH BhlCKa3aHbl npe.ncTasneHHll 

06 OTKpbIThIX CHCTeMax H caMoopraHmau1111 )KHBOH MaTepHH. Cnosa «611ocp11-

3HKa» s neKUHH eme tte 6hrno, KaK He 6hrno H pa3bl!CHeHH51 KJJIO'!esoro nom:

THll ero Bb1crynneH11l! - «crpoH:ttocTb». My.npeifrnHH H11Konaif AneKcees11q 

B03JJO)f(HJJ 3TO .neno Ha noTOMKOB. A Tor.na OH cKa3aJJ: 

npou,eCCbl, 803Hl1KalOLLJ,11e BMeCTO 11C4e3HYBW11X, o6naAalOT MeHbWeH pa60TO

cnoco6HOCTblO, 11x cso60AHaH 3HeprnH MeHbwe ... • KoHe4HblH pe3yllbTaT scex 

npou,eccos np11pOAbl - ysen11YeH11e Heapoi1Hocrn, 11n11, KaK rosopHT, poa 3H

Tpon1111. < ... > B M11pe e 6ecnpeAellbHblM 411CJ10M C/ly4aÌ1HOCTeH CTpOHHOe ABl1 -

>KeH11e AO/l>KHO 803Hl1KaTb HapHAY e HeCTpOHHblM, HO TOJlbKO 8 6onee peAK11X 

C/ly4aHx, TaK KaK M11p noA411HeH 3aKOHY poaa 3HTpon1111. < ... > Or6op eCTb opy

A11e 6opb6br e Heapor:iHOCTblO, e poCTOM 3HTpon1111 : 3TO coprnpy10LLJ,11r:1 AeMOH 

MaKCBe/lJla, Ha6Jl10AalOLL1,l1H 11 OT611pa10LLJ,l1H MOlleKyllbl no csoeMy ycMOTpeHl1IO. 

0T6op BKJll04aeTC51 8 noHH_rne CTpOHHOCrn. Mbl 11MeeM ABa 3aKOHa TepMOA11Ha

M11Kl1, ynpa8Jl5llOLLl,11X npou,eccaMl1 np11pOAbl; Mbl He 11Me/ll1 3a KOHa 11Jll1 nOH51-

Tl151, Kornpoe BK/lro4ano 6br npou,eccbr >Kl13Hl1 s npou,eccbr np11pOAbJ. CyLLJ,ecrno

saH11e 8 np11pOAe npi-1cnoco6JleH11H OT6opa, BOCCTaHaBJ111BalOLLJ,HX CTpOHHOCTb 11 

BKJll04alOLLJ,11X B ce651 >Kl1BOe, AO/l>KHO, nO-B11A11MOMy, COCTa811Tb COAep>KaH11e 

3TOfO TpeTbefO 3aKOHa. < ... > np11Mepbl p11TMa 11 nep110A114HOCTl1 Mbl M0f/ll1 6bl 

113Blle4b He TOJlbKO 113 u,apcrna >K1180THblX, HO 11 113 M11pa paCTeHl1H , B oco6eH

HOCTl1 s ero Tpon114ecK11x cjJopMax. 4eM cosepweHHee cTpOHHOCTb, 4eM rny6>Ke 

npOHl1KaeT OHa 8 MexaHl13M, TeM 60/lbWe noBOAOB K ee 6opb6e e HeCTpOHHOC

T51Ml1 . < ... > Bbrcw11e aeneH11 apoi1HOCTl1 MOfllH B03Hl1KHYTb s np11p0Ae TOllbKO 
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e TaKHMH np1-1cnoco6neHH5IM"1, KOTOpble AaBaJlH 6bl B03MO>KHOCTb o6eperaTb 

cpeAH CJly4aÌ1HOCTei1 caMylO HHTb CTpOÌ-iHOCTH. < ... > MexaH"13Mbl, OCyll.\eCTB

J15llOU.\He Ha1-16onee cTpoi1Hb1e ABH>KeHH51, npeACTaBJ15llOT co6oi1 naM51THbJe 

KHH>KKH 3HTpOn"1H. < ... > CmpoiJHOCmb ecmb Heo6XOÒUMb/U npU3HOK JKUBOU MO

mepuu {Kyprns Moi1 . - B. T.). < ... > HaKOHeu,, onaHOBHMC51 Ha HOBei1weM onpe

AeneHHH >KHBOH MaTepHH, AaHHOM cj>H3HKO-X"1MHKOM 0CTBa!lbAOM: «>KHBa51 Ma

TepH51 eCTb caMocoxpaH5llOU.\HHC51 "1 caMOCHa6>t<alOU.\HHC51 04ar CTaU,HOHapHblX, 

HJlH ynaHOBHBWHXC51, npespall.\eHHi1 3HeprHH. >KHBYIO MaTepHIO MO>KHO ynOA0-

6HTb rop51Ll.\eH naMne, KOTOpa51 caMa A06b1saeT C>KHraeMoe MaCJlo» [5]. 

C onpe.[(eJieHHOH .[(OJieH j'BepeHHOCTH MO)l(HO npennorraraTb, 'ITO TepMI1H 

«CrpOHHOCTb» coe.[(!1H51eT nOH51TI151 CaMoopraH!13aL(I111, ynop51.[(0'!eHHOCTH, 

c11MMeTp1111, 611orror11qecKoii uerrecoo6pa3HOCTI1, np11cnoco6rreHHOCT11 11 yc

Toiiq11socT11, a B uerroM - rapMOHHI1 B np11pone. IlpH 3TOM OCHOBHhie CBOH 

norro)l(eH11» cp113HK H. A. YMoB pacnpocTpaH»rr Ha sce yposH11 )l(HBOH MaTe

p1111, npe.[(BOCXHIL(a51 n05IBJieH11e TepMO.[(HHaMHKH OTKpb!TblX CHCTeM H 611ocp11-

3!19eCKOH 3KOJIOfHI1 KaK uerrhHOro HanpasrreHH51. 

B paMKax cospeMeHHOH 3Korror1111 nepenrrerrHCh 11 cpocrrHch TepMO.[(HHa

M11Ka (HaYKa o nOTOKax H npeo6paJOBaHHH cpopM 3Heprn11), cp11311qecKa5l XHMH51 

H 6110XI1MI15l (HayK11 o MexaHH3MaX npeo6paJOBaHH51 semeCTB), K116epHeT11Ka 

(HaYKa o JaKOHax ynpasrreHH» B CHCTeMax) 11 cm'ieprernKa (HayKa o Hea.[(.[(11-

THBHO crraralOIL(HXC51 cpaKTopax BHelIIHHX B03,[(eHCTBHH Ha CHCTeMhl H BHYT

peHHI1X sJaHMO.[(eiicTBHii). CosMecrno OHH cpopM11py10T cpyttnaMeHT 611ocp11311-

qecKoii 3Korror1111 - HayK11 o MexaH!13Max sa)l(tteiiw11x npoueccos B 611oreo

ccpepe. 11cTop11qeCKH 611ocpH3HKa 6oJiblIIeii qaCTblO ycTpeMrreHa K Bbl51CHeHHIO 

KJieT09HbIX H MOJleKym1pHblX MexaHH3MOB cpyHKL(HOHHpOBaHH51 )l(HBOro, HO 

HapacTaeT npO.[(BH)l(e~rne B MaKpOMHp. Ilono6HO TOMY KaK B CBOHX nO.[(XO.[(ax 

coe,[(HHlleTC51 cpH3HKa 3JTeMeHTapHblX qaCTHU, TeOpH51 nOJT51 H KOCMOcpH3!1Ka, 

TaK )!(e H 611ocpH3HKa sce 6orree OXBaThIBaeT o61L(HM no.[(XO.[(OM cpH3HKY 6HOJTO

r11qecKHX npoueccos Ha MOJTeKyJT51pHOM H 611occpepHOM ypOBH51X, MexaHH3Mbl 

H Kp11Tep1111 611orrornqecKOH 3BOJTIOL(HH. 

'.3BOJTIOL(HOHHpy10m11e CHCTeMbl, 6y.[(h TO 611occpepa 3eMJIH, 3KOHOMHKa 

KaKoii-JT1160 crpaHhl HJTH BceneHHa», pa3s11sa10Tc» B npoTOKe 3Hepr1111, napu11-

aJThHh1e noTOKH KOTopoii onpenerr»IOTC» CTPYKTYPOH B3aHMO.[(eiicTBHH B naH

Hoii CHCTeMe. IlpOTOK 3HeprHH B B!1,[(e cp11311qeCKHX HJlH HeKHX «yCJTOBHhIX» 

en11tt11u Heo6xo.[(HM. Ho cpopMHpyeT xapaKTepHbIH BH.[( 06pa3ywm11xc» n11cc11-

naT11BHhIX CTPYKTYP tte caM noTOK 3Hepr1111, a B nepsyw oqepenh oco6eHHOCTH 

BHyrpeHHHX CB513eì1 B CI1CTeMe, KattaJIH3HpylOIL(He nOTOKH 3Hepr1111 H onpene

JI511-0IL(I1e TpaeKTOpHIO 3BOJil-OL(HH CHCTeMbI B uerroM, TaK )!(e KaK H ee nO.[(CI1C

TeM. IlpH 3TOM BKJTl-O'!eHHe HJIH cpopMHpOBaHHe CB513eii B CBOIO oqepe.[(b JaBH

CHT OT HHTeHCHBHOCTH noTOKOB. 

E11ocpH3HKa 11 crrenosasrna» eii c11HepreTHKa OTpa311rr11 11 cKottueHrp11po

san11 npencTasrreHI151 o nponeccax, KOTOph1e B np11Hu11ne He Moryr 6hITh nott»

ThI H on11caHbl ,[(eTepMHHHCTH9eCKH B paMKax KJiaCCH'!eCKHX npe.[(CTasrreHHH. 
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K TaKilM npoueccaM OTHOC»TC» nepeXOJJ.Hhie npouecchI B »snemrnx caMoopra

HH3aUilH. B noporOBOM COCTOHHilH Te'IeHile npoueccoB HeO/].H03Ha'IHO 113-33 

BHeWHilX B03/].eHCTBilH 11 qrnyKI)'au11ì1 B CHCTeMe, TaK )!(e KaK il Henpe/].CK33ye

Ma HOBa» opraHil3aUil», B03HilKaIOma» nocne npOX0)!(/].eHl1» nopora - «TO'IKl1 

611cl>ypKaUl1il», 1160 B MOMeHT nepexo.11.a CHCTeMa HaXO/].ilTC» B TaKOM CO_CTO»

HilH, o KOTOpOM 11. P. Tip11ro)!(J1H fOBOpilJI, 'ITO OHa OK33hIB3eTC» _ e/].HHOBpe

MeHHO BCeM, 'IeM OHa MO)!(eT 6hITb. l1 '.HO CBOHCTBO scex 3eMHhIX HeJ111HeHHhIX 

pa3BilBa!OmHXC» CilCTeM, BXOJJ.»mttx B reoccpepy 11 B 6ttoccpepy. 

HemrneHHOCTb HBJI»eTC» OAH11M il3 OCHOBHhIX IlOH»THH CHHepreTil'IeCKO

ro MHpOBH/].eHH», CBOHCTBeHHOfO 6ttoci>H3HKe. B OCHOBe CBOeH HeJmHeHHbl Bee 

OKp~aIOmtte H3C npoueCCbI - OT ».11.epHhIX peaKUHH, pa60Tbl cep.11.e'IHO-cocy

AHCTOH CHCTeMhl il scero opraHH3Ma B uenoM .li.O 3H/].O- H 3K30reHHhIX npOl(eC

COB Ha 3eMne, scnh1weK Ha ConHue H ysneKa10mero Hac KpyroBopoTa COl(H

anhH0-3KOHOMH'IecKHX IlOTP»CeHHH. .IJ:n» Jl11HeHHOH o6naCTH xapaKTepHOH 

oco6eHHOCThlO »Bn»eTc» cymecTBOBaH11e npttH1(11noB 3KCTpeMYMOB. B co

CTO»H1111 paBHOBeCH» CHCTeMa xapaKTeptt3yeTC» M3KCHMYMOM 3HTPOilHH, a B 

CTal(HOHapHOM COCTO»HHH - MHHHMYMOM ee npOH3BO/].CTBa, HJIH, ilHhlMH CJJO

BaM11, 3HTp0IlHH . .IJ:n» CHCTeM B HeJIHHeHHOH o6naCTil, Haxo.11.»milXC» B COCTOll

HH»X, y.11.aneHHhIX OT paBHOBeCHll, He BhIIlOJJH»lOTC» 06m11e 3KCTpeManhHhie 

npHHl\ililhI, npe.L\CK33hrna10m11e cocTO»HH», K KOTOPh,IM np11.11.eT CilCTeMa. B oT

Jlil'IHe OT paBHOBeCHhIX, HepaBHOBeCHhie CilCTeMhl B . HeJIHHeHHOH o6naCTH MO

fYT pa3BHB3ThC» Henpe.11.cKa3yeMO. K KaKOMY COCTO»HHIO nepett/].eT KOHKpeTHa» 

CHCTeMa B K3)!(/].hJH cne.11.y10mttii MOMeHT, B o6meM cnyqae npe.D.CK333Tb HeB03-

M0)!(H0 . .D:n» Toro 'IT06bJ HOBhie COCTO»HH» 6hrnH ynop».L\O'IeHHhIMH, T. e. ca

MOOpraHH3al(HH npHBO/].HJia K o6pa3oBaHHIO npOCTP3HCTBeHHO-BpeMeHHhlX 

/].HCCHilaTHBHhIX CTpyKTyp, Heo6X0/].11MO, 'IT06hl OTKnOHeHile OT paBHOBeC11» 

npeBhlllJaJIO HeKOTOpoe KpHTH'IeCKOe 3Ha'IeH11e, nocne KOTOporo TepMO.[\HHa

MH'IeCK3» BeTBb Tep»eT ycTOH'I\".fBOCTb. 

Hen11HeHHOCTb CHCTeM, y.11.aneHHhIX OT COCTO»HH» TepMO/].HHaMH'IeCKOro 

paBHOBeCH», npOllBJilleTC» He TOJ!hKO B oco6eHHOCTllX pa3Bl1T11ll T3Kl1X CHCTeM 

BO BpeMeH11, HO 11 B oco6eHHOcrnx 3BOJII01\Hl1 HX npocTpaHCTBeHHOH CTPYKTY

ph!. B cooTBeTcrn1111 e np11H1(11noM CilMMeTp11tt Krop11-Tipttro)!(HHa CHMMeT

pil» H aCHMMeTpH» Bhicryna!OT K3K MexaHil3Mhl H npO»BJieHH» C3MOOpraHH3a

l(Hl1. B JIHHeHHOH o6naCTH Heo6paTl1Mhie npol(eCCbl conp»ra!OTC» B COOTBeT

CTBl1H CO CBOHM TeH30pHbJM paHroM: CKan»pHhlH (1130Tp0IlHhIH) npol(ecc 

conp»raeTC» TOJlhKO CO CK3JillpHbIM, BeKTOpHhlH - e BeKTOpHbIM. BHeWHHe 

B03/].eHCTBHll, Bhl3bIBa10m11e p33JJH'IHhie llBJJeHHll B M3KpOCKOill1'IeCKOH CHCTe

Me, He MOfYT 06na.11.aTb 6onee BhICOKOH CHMMeTpHeH, 'IeM nopo)i(.[\aeMhIH 11MH 

npol(eCC . .IJ:pyrHMl1 CJIOBaMH, He Bee npol(eCCbI B Jll1HeHHOH o6naCTH MOfYT 

conp»raThCll . 0JlH3KO B HeJIHHeHHOH o6naCTl1 3TOT npHHl(Hil HenpHMeHHM. 

B HeJIHHeHHOH o6naCTH MO)!(eT npOH30HTH «IlOTep» CHMMeTpHH» 11Jil1 C3MO

npOH3BOJihHOe B03H11KHOBeHtte npocTpaHcrneHHhIX CTPYKTYP, 11Me10milx BhI

.11.eneHHbJe CTeneHH CB060JJ.hl, B HCXO.L\HO O/].HOPOAHOH cpene, T. e . .11.onyCTHMO 
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conpmKem1e npoueccos paJHoro paHra. Ha 3TOM nym Jie)l(HT nocTH)l(eHHe 

rnaBHOro BOnpoca o npOHCXO)l(,UeHHH )l(Ji3HH [6]. 
Mttome .uocTH)l(eHHH nocne,UHHX neT B o6naCTH cpH3HKH, XHMHH, 6wono

rHH, 3KOJIOfHH, Me,UHUHHhl H .upyrwx HayK HBHhIM HJIH HeHBHhlM o6pa30M CBH-

3aHhI e npe.ucTaBJieHHHMH 06 «aKTHBHhIX cpe.uax», cnoco6HhlX K npOCTPaHCT

BeHHO-BpeMeHHOH caMoopraHH3aUHH (7]. 3TH npe,UCTaBJleHHH Il03BOJIHJIH C03-

,UaTh MO,UeJIH, OilHCh!BalOIUHe TaKHe HeCXO)l(He npouecChI KaK pa6oTa ml3epoB, 

nepHO,UH'-!eCKHe XHMH'leCKHe peaKUHH, pacnpOCTPaHeHHe BOJIH KpHCTaJIJIH3a

UHH B nepeoXJla)l(,UeHHhIX )l(Ji,UKOCTHX, pacnpocTpaHeHHe HepBHOro HMilYJlhCa, 

CBepTb!BaHHe KpOBH, B3aHMO,UeHCTBHe nonynHUHH, pacnpOCTPaHeHHe 3IlH,Ue

MHH H T . .u. B uenoM .uaHHhIH no.uxo.u He .UOJI)l(eH 6hITh o6H3aTeJihHO TecHo CBH-

3aH e paCCMOTpeHHeM cpH3Hl!eCKOH OCHOBhI CHCTeM, HO npH3BaH OTPa)l(aTh 06-

IUYIO CHHepreTH'leCKYIO npwpo.uy HX noBe,UeHHH. 

3Ha'IHTeJ1hHOe 'IHCJ10 6HOJ10fH'leCKHX o6òeKTOB, 6woueH03hI, 3KOCHCTe

MhI, a Ta[()!(e couwaJihHM ccpepa o6rueCTBa Ta[()!(e MOfYT paCCMaTPHBaThCH KaK 

HepapxHH conpH)l(eHHhIX npOTH)l(eHHhIX CHCTeM, Ka)l(,UaH H3 KOTOphlX HBJIHeTCH 

aKTHBHOH cpe.uoì1, no.u.uep)l(HBa10rueì1 3Hepmeì1 pa3BHTHe npoHCXOMIUHX B 

Hett npoueccos Ha sceM ee npocTPaHCTBe. OcHoBott npoueccos caMoopraHH-

3auww B aKTHBHhIX cpe.uax HBJIHeTCH B03M0)1(H0CTh B03HHKHOBeHHH B HHX aBTO

KOJie6aTeJihHhIX (B TO'lel!HhIX CHCTeMax) H aBTOBO[IHOBhIX (B pacnpe.ueneHHbIX 

CHCTeMax) pe)l(HMOB, npHBOMIUHX K 3BOJ110UHOHHpOBaHHIO CHCTeM, HX npo

CTPaHCTBeHHO-BpeMeHHOH perynHpH3aUHH. 

IlpHHUHnHaJibHO Ba)l(Hb!M B HaMel!aeMOM aBTOpaMH no.uxo.ue HBmleTCH 

COBOKynHoe paCCMOTpeHHe 3KOJ10fH'leCKHX, 6woreocpH3Hl!eCKHX H 6woreoxH

MH'leCKHX acneKTOB cpyHKl.\HOHHpOBaHHH 3KOCHCTeM H 6woccpepbl B ueJIOM. 

HaM npe.ucrnBAAeTCH, 'ITO 6wocpH3HKa, crnsrnaH no cyruecrny BeTBblO cpyH

.uaMeHTaJlhHOH 6wonorwH, cnoco6Ha KOHCTPYKTHBHbIM o6pa30M CJI~HTb yno

PH.UOl!eHHIO 3HaHHH H pa3BHTHIO YMeHHH cospeMeHHOH 3KonorHH. I13JIO)l(e

HHIO, pa3BHTHIO 3THX H,UeH, IlOHCHeHHIO OCHOBHh!X IlOHHTHH H HanpaBJieHHH 

6wocpH3HKH B 3KOJ10rHH, a T aK)l(e HCilOJib3yeMbIX TepMHHOB IlOCBHIUeHa Ha

CTOHIUaH KHHra. 

J11neparypa 
l. flpuzoxuH 11., KoHòenyòu J{ CospeMeHHaH TepM0.!{11HaM11Ka. OT TemlOBbIX .l{BH

rareneì1 ){O .l{HcrnnarnBHhIX crpyKTyp. M .: MHp, 2002. 461 c. 

2. 36enuHz B. 06pa30Batt11e CTPYKTYP np11 Heo6paTHMhIX npo1.1eccax: Bse.l{eHHe B 

Teopmo .!{11cc11naT11BHhIX CTPYKTYP· M.; H)l(eBcK: HttcT11Tyr KOMTihIOTepHhIX 11c

cne.!{0BaH11H; HHU: «Perym1pttall H xaoTw1eCKall .l{HHaM11Ka», 2004. 256 c . 

3. T6epòucJ106 B. A., Cuòopo6a A. 3 ., Jl.Mumpue6 A. B. CHtteprerw1ecK11e acneKThl 

rno6anhHOH 11 pernottanhHOH 3KonornH: Y'le6Hoe noco611e. J111ne1.1K: ry «M.ll. 
,,JlHnel.IKall raJera"», 2009. 352 c. 

4. EmoMeHrjJenbÒ Jl. A. PernaeMb1e H HepewaeMhie npo6neMhI 6110nornqecKOH: cj>11J11K11 . 

M.: URSS, 2010. 160 c. 



IlttrepaT)'pa 17 

5. YMOB H. A. <1>H3HKo-Mexam1qecKaJ1 Mo,neJib lKHBoìi MaTepHH (pe%, 1901) Il Co6-

paHHe coqHHeHHìi npoct>eccopa HttKoJiaJI ArleKceesttqa YMoBa. M .: lhn. l1Mnepa

TopcKoro MOCKOBCKOro o6mecTBa HCilb!TaTeJieìi npHpO.Abl. 1916. T. 3. c. 184-200. 

6. TBepòuCJ10B B. A .. J!K0Be11Ko Jl. B. <l>HJHqecKHe acneKTbI B03HHKHOBeHHJI npemue

CTBeHHHKOB JKHBOH KJ!eTKH. o nsyx cl>yttnaMeHTaJibHbIX aCHMMeTpHllX - HOHHOH 
H xttpMbHOìi Il BecTHHK MrY. Cep. 3. <1>H3HKa. AcrpottoMHJI. 2008. N~ 3. C. 3-16. 

7. TBepòuCJ10B .B. A., J!K0Be11Ko Jl. B. AKTHBHbie cpe,nb1 KaK octtosa caMoopratttt3a

llHH B HepapXHH CHCTeM OT 6ttoreoct>H3HqecKHX no COl.lHaJibHbIX Il PocCHHCKHH 

XHMHqeCKHH lKypHM ()Kypttan pOCCHHCKOro XHMHqecKoro o6mecTBa HM . .a. 11. MeH

neneesa). 2000. T. 44. Bbm. 3. C. 21-32. 



\/' 
111 

I'JLaea 1 

CTpyKTypa II <PYHKI(HH 3KonorHH 

Bcfl VICTOpi.rn ecTeCTB03HaHVlfl , pyCCKOro ecTe

CTB03HaHVlfl XIX VI xx BB. AaeT B03MOlKHOCTb HaM, 

pyccKVIM yYeHblM, 3cj>cj>eKTVIBHee APYrHX, 1.1e11ocTHee VI 

pal(VIOHallbHee npVICTynVITb K Vl3yYeHVllO HayYHblX oc

HOB 3TOM 60/\bWOM npo611eMbl - npo611eMbl ·6VIO

ccj>epbl VI Ye11o seYecrsa ... 

H. B. T11Mo</Jeea-PecoacK11ii 

HcxO.UHbie HaMepemu1 aBTopos MOHorpaqnrn 6blJHI HanpasJJeHbJ Ha 113JJO

)Kem1e COBpeMeHHblX Cl1CTeMH0-611ocp113114ecKHX no.uxo.uos K pacCMOTpeHH!O l1 

p erueHH!O o6ll(l1X 3KOJJOfH'feCKHX npo6JJeM, CBl!3aH_HbIX e TeopeTHlfeCKHMH ac

neKTaMH ecTeCTBeHHblX p enapal.(HOHHblX MexaHl13MOB, 11 pa3pa6aTbIBaeMblX B 

HacTmnuee speMl! 6110TexHoJJor114ecK11x no.uxo.uos K 11x onT11M113al.(lrn. BMecTe 

e TeM B03pocwal! B caMoe nocJJe.u1-1ee speMll so sceM Mttpe 11 B Haweì1: cTpaHe 

3KT)'3JlbHOCTb COl.(11aJJbH0-3 KOJJOrH'feCKl1X npo6JJeM c.ueJJaJJa ueJJecoo6pa3HbIM 

HalfaTb H3JJO)Kem1e e o63opa Hacyll(Hbl X .umi LJeJJOBelfeCTBa npo6JJeM, Heno

cpe.ucTBeHHO CBll3aHHblX e ero pa3BHTHeM Ha Hb!HeWHeM 3Tane rno6aJJbHOro 

l.(11Bl1Jll13al.(110HHOro Kp11311Ca. 

1.1. 3KOJIOrO-HCTopwieCKHe acneKTbl 

pa3BHTH51 IJJfBHJIH3al(HH 

A Mb! VI CTpellbl HanVITblBaeM (flAOM), VI caMOMY 

JKe11e3y coo6waeM HeYTO ewe 6011ee ry6V1Te/\bHOe , Mb! 

VI peKVI OTpaBllfleM, VI caMble CTVIXVIH npHPOAbl , H AaJKe 

TO, 4TO nOAAeplKHBaeT cyweCTBOBaHVle, o6pawaeM BO 

speA JKVIByweMy. 

n/\11H11ii Crapw11ii 

He)'KJJOHHo 11 ttepau110HaJJhHO pa3s11sal! ceJJbCKoe xo3llttCTBO 11 npoMhIW

JJeHHOCTb, ycKOpllll HaYlfHO-TeXHl1lfeCKl1H nporpecc, lfeJIOBelfeCTBO ueneHa

npasneHHO pa3pywaeT 611occpepy. Mb! 11cnoJih3yeM 70 % M11posoro 3anaca 

pbI6bI, lfTO npeBhJWaeT B03M0)KH0CTl1 ecTeCTBeHHOro BOCCTaHOBJJeH11l!; e)!(e

fO.llHO B MOpll 11 OKeaHbl c6pachrnaeTCll np11MepHO 7 MJJH T Mycopa; KpynHhie 
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npOMhlllJJleHHhie C1'paHhI, B TOM •mene PoccIDI, e)l(ero,nHo npo113BO)UIT 400 MJIH T 

TOKCH'IHbIX OTXO,D;OB; Ka)l(,nyIO ceKyH,ny Ha 3eMne 11C'fe3a!OT 6onee 1,5 ra necos. 

3Konor11LJecK11ì1 cne.n LJenoseLJeCTBa (nnoma,nh 611onor11LJecK11 npo.nYKTl1BHOH 

Tepp11Top1111, Heo6xo,n11MOH .nmr np0113BO,D;CTBa 11CIIOJlh3yeMb!X 'feJIOBeKOM pe

cypcos 11 acc11Ml1JlHUl111 oTxo,nos) snepsh1e npesb1c11n cnoco6HocTh nnaHeThI K 

BOCCTaHOBJleHl1!0 B 80-x rr. npournoro CTOJleTl15!, 11 B HaCTOHIUee speM5! 3TOT 

noKa3aTeJih coCTaBnHeT nopH,nKa 30 %. 
I1cTOp115! pau110HaJlbHOrO rrp11po.nonOJlh30BaHl15! LJeJlOBe'feCTBa HaCLJl1Tbl

BaeT HeMaJlO My,npb!X npaKTl1LJeCKl1X ,neì1CTBl1H 11 3aKOHO,D;aTeJlbHh!X aKTOB 

3KonornLJeCKOH HanpasneHHOCT11. TaK, eme B11Tpys11fi (p11McK11ì1 apx11TeKTop 

11 HH)l(eHep 2-fl IIOJlOBl1Hbl I B .. .no H. 3.) B TpaKTaTe «.[J,ecHTh KHl1r 06 apx11-

TeKType» paccMaTp11san sonpoc o uenecoo6pa3HOCTl1 np11BH3Kl1 cTpo11Tenh

CTBa ropo,nos K reorpa<tJ11LJeCKl1M 11 KJll1MaT11LJeCKl1M ycJIOBl15!M: « ... Ha.no Bhl-

6paTh Ha116onee 3,noposy10 MeCTHOCTb. 0Ha ,D;OJl)l(Ha 6hITb B03Bhlll!eHHOH, He 

TyMaHHOH, He M0p03HOH 11 o6pameHHOH He K 3HOHHb!M 11 XOJlO,D;Hh!M, a K 

yMepeHHhIM cTpaHaM cseTa, a KpoMe Toro, Heo6xo,n11Mo 1136eraTh coce,ncTBa 

6onoT ... ». l1 HaLJ11HaTb CTpo11TeJlbCTBO Heo6xo,nl1MO e TeXHl1K0-3KOHOMl1LJec

KOro 06ocH0BaH115! 6y.nym11x pa6oT. Eonee Toro, 6ecnoKoHch o 3,noposbe co

rpa)l(,naH, OH peKOMeH,D;OBaJI o6cne.nosaTh JlIO,D;eH 11 )1(11BOTHbIX, nOCKOJlbKY 

«3,nopoBbie csoficTsa 3eMn11 onpe,nenHIOTCH nacT6.11meM 11 KopMOM». P11M

cK11ì1 ceHaT cneu11aJlbHb!M IIOCTaHOBJleH11eM 3anpeTl1Jl B03BO,D;l1Tb aM<t>IITeaT

pbl 6e3 npe,nsap11TeJihHOro 06cne,nosaH115! Ha,ne)l(HOCTl1 rpyHTa. ::ho rrocTa

HOBJieH11e MO)l(HO C'fl1TaTb 0,D;H11M 113 nepBbIX npas11TeJlbCTBeHHb!X IIOCTa

HOBJleHl1H o Heo6xo,n11MOCTl1 npose,neHl15! 11H)l(eHepHbIX 113blCKaHl1H nepe.n 

HaLJaJIOM CTp011TeJlbCTBa. 

Crroco6 ocYllleHID! o6so,nHeHHhIX Tepp11Top11ì1 .nJI5! C1'p011TeJihCTBa ropo,nos 

11 ceJibCKOX03HttcrneHHhIX H~,n TaK)l(e 6hm 113secTeH 113,nasHa. Hanp11Mep, THT 

JI11s11ì1 (59 r . .no H. 3. - 17 r . H. 3.) nmueT, tJTO eme so speMeHa TapKB11HID1 fop,no

ro B P11Me 6h1Jll1 ocyll!eHhl Hl13K11e MeCTa BOKpyr <l>opYMa 11 .npyr11e Hl1311Hbl Me)l(

.ny xonMaM11 IIYTeM npose,neHIDI K T116py BhiphIThIX e YKJIOHOM KaHanos . 

. B 15 r . H. 3., s HaLJane uapcTsosaH11H 11Mnepampa T116ep11H, s P11Me 

6hrna co3,naHa Konner11H, Ha,n311pa10maH 3a cocTOHH11eM 6eperos T116pa 11 ero 

pycna. Ilo-s11,n11M0My, :no 6hrn o,n11H 113 rrepsbIX rocy,napcTseHHhIX opraHoB 

no l1H)l(eHepHo-r11,nporeonor11LJecK11M, T. e. 3KOJior11LJecK11M 113hICKaHl15!M. Kop

Hen11ì1 TauHT IIHll!eT, lJTO B TOM )!(e ro,ny B pHMCKOM ceHaTe 6b!Jl nO,D;H5!T BO

npoc o Heo6xo,n11MOCTH p.eryn11posaH11H pa3Jil1BOB T116pa nocpe,ncTBOM orno

.na peKH H 03epa, KOTOpb!MH OH n11TaeTC5!. Ilo 3TOMY sonpocy 6blJlH 3acrryll!a

Hhl MHor11e ,nerrerau1111 MyH11u11rr11ii 11 KOJIOH11H. Ho caMhIM <oKorrorHLJHhIM» 

cTano BhICTynneH11e peanrnues, YTBep)l(,nasll!11x, LJTO «np11po.na, KOTopaH ,na

na peKaM CBOH YCTh5!, CBOe TeLJeHHe H KaK csoe HaLJaJIO, TaK H KOHeu, KaK 

HeJih35! rryLJll!e no3a60T11nacb o rr10,ncK11x noTpe6HOCTHX». Bep,nHKT ceHaTa 

6h!JI npocT 11 M)'ilp - «He HY)l(HO H11KaK11x nepeMeH». 3.nech YMeCTHO scnoM

HHTh cy,nh6y Aparra s XX B. 11 o3epa EapyH-TopeH - o,nHoro 113 KpynHefi-



20 rnasa 1. CTpyKTJ'pa i-i cPYHKL\"1"1 3Konorni-i 

llIHX 03ep rocynapcTBeHHoro rrp11ponHoro 611oc<t>epHoro 3arrosenH11Ka «.[(a

ypcKHH», pacrrono:ìKeHHoro Ha CThIKe rpaH11u Pocc1111, M0Hron1111 H KttTaH. 

,[(JIH naHHOro per110Ha xapaKTepHbl 30-35-JieTHl1e rrep11onhl KJIHMaTWieCKHX 

l.(11KJIOB, 11 B HaCTOHmee speMH rrpoTeKaeT «Cyxam> <t>a3a HpKO Bb!pa:ìKeHHOro 

30-neTHero u11Kna, B pe3yJihTaTe qero o3epo rroJIHOCThIO Bb1coxno. Ho c11-

TyaUHH MO:ìKeT 6hITh 3HaqttTeJibHhIM o6pa30M yc11JieHa senymttMHCH s KttTae 

pa6onM11 rro rrepe6pocKe qacrn CTOKa peKH Xaìinap (ApryHh) B o3epo .[(a

naì1Hop H c03naH11e ceT11 1Ipp11rau1IoHHhIX coopy:ìKeH11ì1 s ee sepxosbHX. Cy

mecTseHHO, qTo 11MeHHO 6acceì1H Xaì1napa-ApryH11 - on11H 113 HeMHoro

'IHCJieHHhIX KpyrrHh!X 6acceì1HOB B per110He, coxpaHHIOIJ.(11XCH B 3acyI11Jil1-

Bb!H rrep11on, 11 IIOTOMY OH IIrpaeT Ba:ìKHeì1wy10 poJib B Bbl:ìKl1BaHIIII MHOrlIX 

COTeH TbICHq sonorrJiaBa!Oll.(IIX II OKOJIOBOnHhlX IITIIU, YHII'ITO:ìKeHIIe KJIIO'IeBbIX 

MeCT 0611TaHml KOTOpb!X MO:ìKeT rrplIBeCTH K KaTaCTpo<l>1IqecKl1M rrocnencT

BIIHM B MIIpe rrepttaTblX. 

flp1IseneM eme on1IH HpKIIH rrp11Mep. CTpa6ott (63-64 rr. no H. 3. -

23-24 r. H. 3.) ITIIllleT: « ... .[(eMeTplitt IIMeJI HaMepett1Ie rrepepe3aTb flenorrott

HeccK11ì1 rrepeweeK, 'IT06b1 OTKpbITh cso6onHoe rrnasaH1Ie nnH Kopa6neì1, HO 

ero OT IICITOJIHeHIIH 3aMb!CJia ynep:ìKaJIII apXIITeKTOpbl, 06bHBIIBI111Ie ITOCJie II3-

MepeHIIH, qTo Mope s 3aJI1IBe Kop1Itt<l>cKOM BhIWe Toro, qTo y Kettxp». 

Ha MenHhIX KOITHX <DeHaHa (Tepp1nopHH Ha rore HbIHeI11Heì1 HopnaHHII B 

pailoHe Me:ìKny MepTBhIM MopeM II 3an11soM AKa6a) - uettTpe Menerrnas11Jih

Horo rrpo113soncTsa Ha DJIII:ìKHeM BocToKe - BhrnnasKa Men1I 6hrna pa3BIITa 

7-8 ThIC. neT Ha3an, a rrpOMhillIJieHHhIX MacI11Ta6os nocT1Irna B V B. no H. 3. 

CymecTBeHHO, qTo OTpa60TaHHb1e I11aXThI rroToM TIUaTeJihHO 3achlrran11ch -

HpKIIH rrp11Mep 3KOJIOfJ11IeCKII rpaMOTHOro OTHOll1eHl1H K OKpY:ìKaIOmeil cpene. 

H rrpH 3TOM BCH neHTeJihHOCTh pynttlIKOB pernaMeHTIIposanach crreulfaJihHhIM 

3aKoHonaTeJihCTBOM. CoxpaHIIJIOCh nocTaT011Ho MHoro noKYMeHTOB II3 3aKoHo

naTeJihCTBa, pernaMeHT1Ipy10mero neHTeJihHOCTh pynHIIKOB s .[(pesHeM P1IMe, II 

OXBaTbIBaJio He TOJihKO rrpaBHJia apettnhI, pa3pa60TKlf il TeXHliKY 6e30IIaCHO

CTH, HO li oxpaHy 0Kpy:ìKa10meì1 cpenh1. 

y fIOJilf6liH (200 - OKOJIO 120 rr. no H. 3.) MO:ìKHO HattTlf 3aITliClf o IIOCTa

HOBJieHlflf ceHaTa I1TaJilil1, 3anpeTliBWeM pa3pa6oTKlf MeTaJIJIOB B HTaJIHlf B 

3ITOXY fpaKXOB (II B. no H. 3.) li o 3aKoHe, cornaCHO KOTOpOMY e ueJiblO coxpa

HeHHH sepxttero cnoH 3eMJilf orpattlf'11IBanach no6h111a onosa B EpilTaHlilf. flo

nyqaeTcH, qTo eme 2 Thic. neT HaJan 11enoseK, B OTJIIIqlie OT cospeMeHHoro 

«l.(HBlfJilf30BaHHOrO» 061ITaTeJIH 3eMJili, «3Ham>, 'ITO B xone 3KCIIJiyaTal.(IIH 

rrpilponHhIX CIICTeM tteo6xon1IMO co6n10naTb rroporosb1e rrpenenhI, rro3BOJIHIO

mtte 3TIIM CIICTeMaM coxpaHHTh CBOHCTBO caMoperyJIHI.(lili, 11 rrpaBIIJia 3KOJIO

rH'IeCKOH 3<l><l>eKTlfBHOCTII. 

Ho tte TOJihKO CpenlI3eMHOMOphe MO:ìKeT ropn11ThCH 3Konorli11ecKlf rpa

MOTHhIM nonxonoM K X03HHCTBOBaHIIIO. Mb! He CTaBliM csoeì1. ueJihlO HaIIlfCaTh 

IIOJIHbIH TpaKTaT rro HCTOpliil 3KOCIICTeMHhIX rronxonos, HO C'1HTaeM Heo6xo-
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.UHMblM HaIIOMHHTh, 'ITO B Pocc1111 TaIOKe cymecTBOBaJia CBOll HCTOpirn pau110-

HaJihHOro np11pO.UOIIOJJb30Bamrn. 

Tiol!BJieHHe HeKOTOphlX yKa30B Tierpa I ( 1672-1725) 6brno CBl!3aHo e pa3-

MaxoM CrpOHTeJibCTBa qmoTa, 11 TeM He Mettee HX e IIOJIHblM OCHOBaHHeM MO)!(

HO OTHeCTH K nepBhIM np11po.uooxpaHHhIM .UOKYMeHTaM B Pocc1111. Tip11se.ueM 

HeKOTOpbie CTaThH 3Tl1X yKa30B. 

rocy.uapeM BOCIIpemaJIOCh py611Tb JieC rQ,L(HhIH Mli CrpOHTeJJhCTBa KOpa6-

JJett (.uy6, Bll3 H COCHa «OT KOpHll 12 BepwKOB») 11 pacnOJJO)!(eHHhltt «OT 60JJh

Wl1X peK B CTOpOHbl Ha Ill!Tb,L(eCl!T sepcT, a OT MaJibIX peK, KOTOphie B Te 60JJh

WHe peKH BIIaJJH ... B CTOpOHY no .usa.uuaTb sepcT, OTHI-0,L(h HH Ha KaK11e H~

.Uhl.. . 11 sane)!(HHK tte 6paTh .. . A ec1111 KTO 6y.ueT npecrynaTh 1aKOH, To 6paTh 

rnrpa<jl no 15 py6. 1a .uy6 11 no 1 O py6. 1a .upyrne .uepeBhll, a 1a MHOro'IHCJJeH

HYI-O nopy6Ky, ,,Bb1pe1as H03.UpH, CChIJiaTh Ha KaTopry"» [1]. TaIOKe 6hIJIO 

npe.un11caHo «on11caTh» 1anose.UHb1e 11eca Ha npe.uMeT Hanwmll B HHX BhIWe

YKa3aHHhIX nopo.u .uepesbeB 11 <(J]aH.UKapThI Y'IHHHTh» [2]. 
Eme O.UHH npHMep np11po.uonOJJh30BaHHll. 113BeCTHO, 4TO CKOTOBO.UCTBOM 

B Tio.uMoCKOBhe Ha4anl1 3aHHMaThCll npHMepHo 4 ThIC. JJeT Ha1a.u, a no.uce'IHO-or

HeBhIM 3eMne.ue1111eM - 2- 3 Tb!C. JJeT, T. e. HMeHHO e '.}Toro speMeHH IIOCTOl!HHO 

cTa1111 YHH4TO)!(aThCll 11eca B .uaHHOM pernotte. B pe1y11hTaTe B XVII-XX BB. 

11eca 1aH11Mann nopll.UKa 40-50 % Tepp11Topn11 Tio.uMOCKOBhll, a B KOHI]e XIX -
Ha4aJie xx B. - ~e 25- 35 %, H CTOJJb )!(eCTKal! mrnaMHKa 11econOJib30BaHHll 

6brna CBl!3aHa e HHTeHCHBHhIM pocTOM Hacenettmr. TaK, B XV-XVIII BB. Ha 

TeppnTop1111 Tio.UMOCKOBhll npo)!(11Ba110 nopl!.UKa HeCKOJihKHX coTeH ThICll'I 111-0-

.ueli, K KOHL\Y XIX B. TOJJhKO B MocKse - OKOJJo 1 MJJH 4e11oseK, K cepe.u11He 

xx B. - OKOJIO 5 MJIH, a K KOHL\Y xx B. - OKOJIO 9 MJJH. B HaCTOlllUee speMll B 

MocKBe 11 MocKoBcKoli 0611acn1 Ha nnoma.un, pasHott 0,3 % TeppHTopnn Poc

c1111, npO)!(HBaeT 10 % HaCeJieHHll CrpaHbl. C npHXO.UOM qeJJOBeKa Ha OCBaH

BaeMOH HM TeppHTOp1111 nOl!BJilll-OTCll HOBble He3H,L(eM114Hb!e BH.Ubl pacTeHHH 11 

)!(HBOTHh!X. 

Pe1ynhTaTaM11 3K011or11qecK11 ttec6a11attcnposaHHoro np11po.uonoJih30Ba

HHll Ha Tepp11Top1111 TIO.UMOCKOBhll 3a noc11e.uH11e .usa CTOJJeTHll CTaJJH cne.uy1-0-

mm: 113M eHeHHll 3KOCl1CTeM : 

• coKpameHne IIJJoma.u11 11ecos 11 6onoT e 30-40 .uo 95 %; 

• H3MeHeHHe rl1.llpOJIOrH'IeCKOro pe)!(HMa peK H CHH)!(eHHe ypoBHll no.u3eM

Hh!X so.u; 

• cymecTBeHHOe CHH)!(eHHe nornomeHl1ll TaJJhlX BO.U noqsorpyHTaMH BCJJe.U

CTBHe coKpameHHll nnoma.u11 60110T 11 necos; 

• 11C4e3HOBeHHe Pll.Ua BH,L(OB )!(J1BOTHbIX 11 pacTeHHH, B OCHOBHOM JieCHb!X H 

BO.UH0-60JJOTHhIX, 11 nOl!BJieHHe 11HBa311BHh!X BH.UOB, CBl!3aHHOe e attrpo

noreHHOH .uel!TeJJbHOCThI-O; 

• noqseHHal! 11 BeTpOBal! 3p0311H ( 3po.u11posaHO npHMepHO 15 % ceJJbCKOX0-

3l!HCTBeHHh!X 3eMeJJh ); 
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• pacnpocTpattem1e onomtteìi (oKono 3 % Tepp1nop1111 MocKBb1); 

• Hapyrnett11e KapCTOBbIX CTpyKTyp; 

• 3arpH3HeH11e nO'IB TmKeJJblMl1 MeTaJIJJaM11, tteqnenpo.n;yKTaM11, neCTl1l(l1-

.n;aMl1, rep611u11.n;aM11 11 .npyr11M11 H.D;OBl1TblMl1 semecTBaMl1, npOMbllllJieH

HbIMl1 11 X03HHCTBeHHblMl1 OTXO.D;aM11, a TaKlKe .npyr11Mll KCetto6110T11KaM11 

(11CTO'IHl1KW npOMbllllJJeHHOCTh; aBTOM06HJJbHbIH il )l(eJie3HO.D;OpmKHbIH 

TpattcnopT; npOMbllllJJeHHbie, 6bITOBhie 11 Jll1BHeBhle BO.D;OCTOK11; J<;aHaJI11-

3au1111; csanK11; .no6b1'Ia none3HhIX 11cKonaeMb1x); 

• 3arpH3Hett11e aTMoc<!>epbl a3p030JJ»Ml1 (3ona, ca)l(a, nhJJih 11 .np.) 11 ra3006-

pa3HhIMl1 Bell]eCTBaMl1 ( cepH11CTblH aHr11.np11.n, OKl1Cb yrnepo.na, OKl1CJibl 

a3oTa, yrneso.nopo.nh1, aMMl1aK, xnop 11 .np.). 

Ilp11se.neHHbJe MaTep11aJibl .naIOT Bbipa311TeJJbHYlO KapT11Hy: Hallll1 npe.nK11 

6hIJll1 3HaLJttTeJJbHO 6JI11)1(e K np11po.ne, LJeM Mb!, a noTOMY OTHOCl1Jil1Cb K Heì1 He 

KaK 6e3JlYMHb!e xo3»esa, a KaK copaTH11K11 . Ho se.nh 06I1JeCTBO pa3s11saeTc» .no 

Tex nop 11 ITOCTOJJhKy, nOCKOJlbKY coxpaH»eT 6aJiaHC Me)l(.ny CB011M .nasneH11eM 

Ha cpe.ny 11 BOCCTaHOBJJeHHeM 3TOH cpe.[(hl - npttpO.[(HO-eCTeCTBeHHbIM 11 11C

KYCCTBeHHblM. 

Ilo.no6Ho Jil060MY .[\OCTaTOLJHO pa3Bl1TOMY B rrpOMblWJJeHHOM OTHOWeHl1ll 

rocy.napcTBy Pocc11» co6pana Mttoro<!>aKTOpHhIH «6yKen> 3KonornqecK11x npo-

6neM. Ho np11'Il1Hbl CTOJib He6naroBl1.[\HOH c11Tyau1111 KopeHHTCH He TOJibKO B 

06Il]eM11posoì1 TeH.neHL(l111 TeXHOreHHOro 6yMa, HO 11 11H.[\11Bl1.LlyaJibHbIX oco-

6eHHOCTHX 11cTop11qecKoro 11 nc11xonor11LJecKoro nnaHa. 

Cne.nyeT OTMeT11Th, LJTO scne.ncTs11e 6e3.neì1cTs11» M11posoro coo6mecTBa 

B03M0)1(Hbl cepbe3Hble nocJJe.[\CT811H, nOCKOJibKY 6onee ITOJJOBl1Hbl HaceneHl1H 

nnaHeTbI ( 4,3 Mnp.n LJenoseK 113 6,9 Mnp.n) )1(11BeT B paì1oHax y)l(e cero.nH» 11c

nbITb1BaIOI1JHX He.nocrnTOK npec1-1oì1 BOL\hI 11 no.nsep)l(eHHhIX 3acyxaM. CTpaHbI 

EJJ11)1(Hero BocTOKa, A<!>p11K11, UeHTpanhHOH A31111, IO)l(HOH EsponhI, ABcTpa

JJl1» B nepsy10 O'Iepe.nb CTOJJKHYTCH e cepbe3HbIMll COL(llaJihHb!M11 KOH<!>JIHKTa

Ml1 11 npo6neMaMH, BbI3BaHHbIMH rno6aJibHbIM noTenJJeHtteM. 

Eonee TPex 'IeTsepTeìi HaceneH11H 3eMJI11 npO)l(l1BaeT B cTpaHax - «3KO

nor11qecK11x .[\0Jl)l(HJ1Kax» (K KOTOpblM OTHOCl1TCH 60Jibllll1HCTBO CTPaH Espo

nhI), T. e. B CTPaHax, r.ne Hau11ottaJibHOe noTpe6neH11e 611opecypcos npesbrllla

eT ttx 611oeMKOCTh. Ecn11 1961 r. no'ITH sce CTPaHbI M11pa pacnonaran11 6onee 

'IeM .nocTaTO'IHhIM noTeau11anoM M» y.nosneTsopeH11» co6CTseHHhrx noTPe6-

HOCTeì1, TO K 2005 r. fIOJIO)l(eH11e pa.n11KaJJbHO 113MeHl1JJOCb - MHOr11e CTpaHbI 

cnoco6HhI y.nosneTsopHTb cso11 noTpe6HocT11 Jil1Illh 3a c'!eT 11MnopTa pecypcos 

H HCITOJlb30BaHHH rno6aJibHOH aTMOC<!>epbI B Ka'IeCTBe «CBaJJKH» .[\JJH yrneKH

cnoro ra3a 11 .npyrttx napHHKOBhrx ra3os. TonhKO «CHJihHhIH naKeT EC no 6opb-

6e e H3MeHeHHeM KJIHMaTa c.nenaeT Espony 6onee ycTOH'IHBOH K rpH.nym11M 

3KOHOMl1'IeCKHM KOJie6aHl1HM, nocKOJibKY yMeHbWllT 3aB!1CllMOCTb OT HMnopTa 

3Hepropecypcos, c03.nacT HOBbie pa6oq11e MecTa 11 3acTas11T CTPaHbI 06be.n11-
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HHTbC51 .!V151 npeO.LJ:OJleHH51 nocne.LJ:CTBHH H3MeHeHH51 KJlHMaTa», - 3a5IBJ15IeT 

BceMttpHhIH cpOH.LJ: .LJ:HKOH npttpO.LJ:hI (WWF). 
YHtt'ITO)!(eHtte necos He ycryn3eT no Ba)!(HOCTH He.LJ:aBHeMy cpttHaHCOBOMY 

KpH3ttcy, 6onee Toro, e)!(erO.LJ:HbJe o6beMbl YHH'ITO)!(eHH51 JleCHb!X MaCCHBOB Ha

HOC5IT MHpOBOH 3KOHOMHKe 6onee 3Ha'lttTeJlbHhlH ymep6, 'leM Hb!HeWHHH .KPH-

3HC. Ilo oueHKaM cneuttaJJHCTOB, e)!(erD.LJ:Hble IIOTeptt OT Bbipy6KH neCOB co

CTaBJ15IIOT OT 2 .LJ:O 5 TpJJH .LJ:OJlJl. 3TH .LJ:aHHb!e nonyqeHbl e yqeTOM «nOJlb3hI», 

KOTOpyIO npHHOC5IT neca, nepep363Tb!Ba51 yrneKHCJlOTy, 5IBJ151!01UYIOC51 0.LJ:HOH H3 

rnaBHbIX nptt'111H rno6aJJbHOrO noTenneHl151, 11 o6ecne'IHBa51 qeJJOBe'leCTBO 

4HCTOH BO.LJ:OH. Ymep6 OT IIOTep11 neCOB He TOJlbKO BeJ111K, HO H nepMaHeHTeH. 

CKOJlbKO 6br, no pa3HbIM oueHKaM, He n0Tep51na Yonn CTPHT (a noTeptt oueH11-

saIOTC5I B 1- 1,5 TPJJH .LJ:OJJJJ . ), B .LJ:eì1cTBHTeJJbHOCTH K3)!(.LJ:bI ì1 ro.LJ: Mb! Tep5IeM KaK 

MHHttMyM 2- 2,5 TPJJH .LJ:OJJJJ. np11po.LJ:Horo KanttT3JJa. 

0Kono 40 % scex 336oneB3Httì1 B M11pe, corn3CHO .LJ:aHHbIM BceM11pHoì1 

opraHH3al{l1H 3.LJ:pasooxpaHeHH51, o6ycnOBJleHbl 3KOJJOrtt'leCKJ1Ml1 cpaKTopaMH. 

IlO.LJ:3BJ151!01Uee 60JlbWHHCTBO HaceneHH51 3eMJll1 (Ha HH.LJ:HBl1.LJ:YaJJbHOM l1 rocy

.LJ:apcTBeHHOM ypOBH5IX) no.u..nep)!(ttBaeT cymecrny10m11ì1 o6pa3 )!(l13HH H 3KO

HOMH'leCKl1H pocT 33 C'leT 3KOJJOrl1'1eCKOro KanHT3Jla nnaHeTbl, Bee 60JlbIIJe 

11CT011\351 3TOT K3nl1T3Jl 11 TeM caMb!M ycyry6JJ5151 3KOJJOrl1'1eCKyIO cttryau1110. 

BceMttpHbIH cpoH.LJ: .LJ:HKOH rrp11pO.LJ:bI OTMe'13eT, 'ITO cnpoc qenoBe4eCTB3 Ha pe

cypcbI rrnaHeThI 3a rrocne.LJ:HHe 45 neT ysentt4HJJC51 6onee 4eM B 2 pa3a B pe-

3YJJhT3Te pocTa HaceneHH51 tt ttH.LJ:HBtt.LJ:yanbHoro noTpe6neHtt51. Hanttuo B3att

Moo6ycnosneHHOCTb 3KOJlOrH'leCKOH 6e3onaCHOCTH, o6ecrre4eHH51 Ka4eCTB3 

)!(l13HH l1 p33BHTH51 3KOJJOrH'leCKOro rrpocsemeHH51. Ilo3TOMY OCHOBHYIO 33.LJ:3-

4Y, CT05111\YIO rrepe.LJ: MHpOBblM coo6meCTBOM, MO)!(HO ccpopMYJ!HpOBaTb cne

.LJ:yIOll\HM o6pa30M . CrraceHtte 3eMntt B03MO)!(HO He TOJlbKO 3a C'leT rrpttpo.LJ:o

oxpaHHhIX Meponptt5ITHH, HO B rrepByIO 04epe.LJ:h rrocpe.LJ:CTBOM BOCIIHTamrn Ho

BOro qenoBeKa - He noTpe6ttTeJUI, HO copaTHHKa. 

B 33KJlI04eHtte OTMeTHM, 'ITO IIOJlHTl1'1eCK351 KOMilOHeHTa B rrepttO.LJ: rrepe

XO.LJ:a COBpeMeHHOro UHBHJ1113al{HOHHOro KpH3HC3 OT cpttHaHCOB0-3KOHOMH

qecKOH CTa.!1:1111 K 3KOJlOrH4eCKOH o6peTaeT rrepBOCTeneHHOe 3Ha'JeHtte. 3KOHO

MHKa - aHTponoueHTp114Ha, 3KOJJOrtt51 - IIOTem~11aJlbHO p3UHOHaJlbHa 11 3Jlb

TpyttCTH4Ha. B :inoxy rno63mnautt11 M11posoì1 rronttT11Ke rrpe.LJ:CTOHT TIYTh OT 

CTaryc3 KOHl{eHTpttpOBaHHOro Bbipa)!(eHl151 3 KOHOMHKl1 K CTarycy KOHl{eHTPl1-

poB3HHOro Bb!pa)!(eH1151 3KOJJOrHH . 

AsTopbI co3HaTeJJhHO He yH11cpttu11posantt TO'IKl1 3peH115I yqeHhIX 11 )!(yp

Ham1cToB y)!(e IlOTOMy, 'ITO O.LJ:H03H34HbIX, aKa.LJ:eMtt'leCKH BbIBepeHHb!X peuen

TOB peweHl151 3aTPOHYTblX Kptt3HCHblX npo6neM B HaCT05111.{HH MOMeHT rrorrpo

CTy He cymecTsyeT. BMecTe e TeM asTOpbI Ha.LJ:eIOTC51, 'ITO HaCT05Imee tt3.LJ:aH11e 

6y.LJ:eT rrone3HO '111TaTeJ15IM B Bblp360TKe 3KTl1BHOro MHpOB033peH4eCKOro nO.LJ:

XO.LJ:3 K pa3peweHHIO JlOKaJlbHbIX, perttOHaJlbHbIX, rocy.LJ:apCTBeHHbIX 11 rno-

6aJJbHhlX 6ttoccpepHb!X KpH311COB. 
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1.2. IIpe,l1,MeT, uenh, ocHOBHhie 3a)J,aLitt 3Konortttt 

4e11oseKy npeACTOHT pa3yMHO 11cno11b3osarb re 
nOT€HU.H811bHbl€ 803MOJKHOCTH, KOTOpble A81\a eMy 
np1o1p0Aa. A Al\R 3roro eMy noHaA061o1rcR onpeAe11eH
HaR 06uten11aHerapHaR crparer11R. 

H. H. Mo1-1cees. L/e,,oseK /-1 HooccJ>epa. 1990 

B cospeMeHHOM rrpe.ncTasnemrn 3Kononu1 - HayKa o MexaHl13Max B3a11-

MO.lleHCTBl1H H COBMeCTHOM pa3Bl1Tl111 6110TH'IeCKOH, a6110T11'IeCKOH H COU11-

aJihHOH cpe.n, 111111, HHhIMH CJIOBaMl1, 3KOJIOrl1H eCTh Cl1CTeMHaH HayKa o COBMe

CTHOM pa3BHTl111 (K03BOJIIOUH11) He)!(HBOH 11 )!(11BOH np11pO.llhl e yqaCTl1eM co

U11YMa Ha 3eMne 11 B rrepcrreKT11Be - ttayKa o pau110HaJibHOM ynpasneH1111 

ttooccpepoH B rpaH11uax ee ycTOH'Il1Boro pa3s11T11n. 

llpeÒMem 3KOJ102uu. CrpaTerHqecKan 'IaCTb 3KOJior1111 ttanpaBJieHa Ha pe

rneHHe rno6anhHOH npo6neMhI Kottrpo1111pyeMoro 11 yrrpasJIHeMoro cymecTBO

BaHHH qeJIOBe'IeCTBa KaK COCTaBHOH qaCTl1 3BOJIIOU110Hl1PYIOIUeii 611occpephI 

(B KOHuerrryaJibHOM pa3Bl1Tl1H - «MbICJIHIUeii 611occpephl>> - Hooccpepbl). 

ITpaKTH'IecKan (TaKT11'IecKan) qacTb - Ha cpopM11posaH11e pauHoHaJibHOro 

(11HTeHCl1BHOro H 3KCTeHCHBHOro) np11po.norrOJih30Bamrn 11 3KCITJiyaTaUHH np11-

pO.llHhIX pecypcos, a TaK*e Ha oxpaHy np11pO.llhl [3] . · 

l.{e.Jib/O 3KOJI02UU HBJIHeTCH l1CCJie.llOBaH11e rrpH'Il1H HapyrneHHH 3 KOJIOrH'Ie

CKOH ycTOH'Il1BOCTl1 611occpeph1 KaK rno6anhHOH 3KOCl1CTeMhI 11 pa3pa6oTKa rry

TeH 11x rrpeo.noJieH11n. 

K OCH06HblM 3aÒa'laJt.-I 3KOJI02UU OTHOCHTCH aHaJIH3 11 oueHKa KOJll1l{eCT

BeHHhIX 11 Ka'IeCTBeHHblX napaMeTpOB rroporosoro ypOBHH, .norryCTl1MhIX B03-

MyIUeHHH B 3KOCl1CTeMax BCJie.llCTBl1e rrp11pO./lHhIX KaTaKJil13MOB 11 aHTporro

reHHOH .nenTeJibHOCTl1 (oueHKa 3KOJIOrl1'IeCKOH ycTOH'Il1BOCTl1 11 3KOJIOr11qeCKO

ro paBHOBeCl1H rrp11 B3al1MO.lleHCTBl111 Bcex KOMfIOHeHTOB 6Hoccpepbl), a TaK*e 

pereHepau110HHhIX B03MO)!(HOCTeH ecTeCTBeHHblX 3KOCl1CTeM. 

_Oco6eHHOCTH .llBYX OCHOBHh!X COCTaBJIHIOIUHX Il0.llCl1CTeM Hooccpepbl, 

rrpHpO./lHOH 11 aHTponoreHHOH (cou110-3KOHOMl1'IeCKOH), MO)!(HO oxapaKTep1130-

BaTh cne.ny10IU11M o6pa30M. AHrponoccpepa, pa3BHBaIOIUancn nyreM norpe6-

JieHHH rrpHpO./lHh!X pecypcoB H opHeHTHpOBaHHaH B CBOeM pa3BHTl111 Ha 3KOHO

MH'IeCKYIO .llOMl1HaHTy, caMa no ce6e K ycTOH'Il1BOMY pa3Bl1Tl1!0 B rrp11HUHITe 

He crroco6Ha. I1p11po.na KaK rapMOHl1'IHaH, 3BOJIIOUl10HHO c6anaHC11pOBaHHaH 11 

ycTOH'IHBaH fIO./lCHCTeMa, He crroco6Ha BCTynaTh B pbIHOl{Hb!e OTHOllleHl1H e 

o6IUeCTBOM rrorpe6JieH11n. Ha 6onhrnHx speMeHax B3a11MO.lleHCTBH» 3THX co

cTaBJIHIOIU11X BCe rrpHpO./lHbie pecypcbI CTaHOBHTCH HeB0306HOBJIHeMhIMH, a 

3BOJIIOUl1H aHTporroccpephl, CBH3aHHan e HapyrneH11eM reo611occpepHoro 6anaH

ca, pa3pyrnaeT a.narrrau110HHY10 3sorr10u1110 611occpephr. 

B nep1o10.o. nepexo.o.a cospeMeHHOro 41o1s1o1111o13a41o10HHoro KpH3HCa or 3KOHOMH4e

CKOH CTa./lHH K 3KOJIOrH4eCKOH, ynpaBJI5llOU\a5l nOJIHTH4eCKa5! KOMnOHeHTa B pa3· 
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011rn11 Hoocc)>epbi o6peraer nepsoaeneHHoe 3Ha4eH11e. B 3noxy rno6an113a1.11111 

M11p0BOH nOJ111Tl1Ke npe,D,CT011T nyrb OT aaryca KOHL1eHTp11poBaHHOro Bbipa>KeHl1Sl 
3KOHOMl1K11 K aarycy KOHL1eHTp11poBaHHOro Bbipa>KeHHSl 3KOJ10r1111. lt!MeHHO no-

3TOMY rnepx3aAa4a 3KOnor1111 - npeo6pa300aH11e Maccosoro C03HaH11si or ow,y
w,eH11si 4eJlOBeKa B Ka4eCTBe «X03Sll1Ha» np11pOAbl AO OCMblCJleHl1Sl rnoero pa1.1110-

HaJlbHOro «pacnpeAeneHHOro» KooneparnsHoro y4aa11si B pa3011rn11 Hoocc)>epbi 
KaK l1HTerp11poBaHHOH pa3yMOM 4eflOBeKa caMoopraHl13YIOW,eHCSl np11pOAbl. 

1.3. Bextt H HanpaBJieHH51 

8 CBOeM pa3Bl1TH11 HayKa ABH)l(eTCS'l OT crarnYe

CKOH reoMeTpH4eCKOH KapTHHbl K on11caHHIO, B KOTO

POM cyu.iecrneHHYIO POllb 1-1rpa10T 3801\IO~HS'l H HCTOPHS'l. 

11. np11rO!Kl1H, .Ll,. KOHAeny411 

Tip11pOAa He TIOA03pesaeT o cymeCTBOBaHJ111 3aKOHOB np11pOAhl 11 Knacc11-

cp11Kau;1111 113y'Ia10m11x ee ttayK . Otta )!(J1BeT csoeii Be'Ittoii )!(J13Hhl0. A qenoseK 

cpopM11pyeT ttayK11 11 cpopMyn11pyeT 3aKOHhl np11pOAhl Ami BhITIOJIHeHml CBoero 

«npeAHa3Ha'Iettmrn - OC03HaHml np11pOAhl 11 CBOero MeCTa B tteii. 

Y'IeHhitt-eCTecrneHHl1K MO)!(eT 3a,I:\aTh np11p0Ae TPH sonpoca: 'ITo? KaK? 

3atJeM? - np11'IeM cp11311K 11n11 x11M11K Moryr 3a,I:\aTu TOJihKO nepBhie ABa. «qTo» -

:no npe,I:\MeT 11ccne,[\OBaH11ii, «KaK» - :no KaKl1M o6pa30M 3TOT npe,I:\MeT ycT

poeH, Hanp11Mep, nosapeHHaH conh - 3TO NaCI, KpHCTann KOToporo npeA

CTaBnHeT co6oii Ky611'!eCKYIO Kp11CTaJIJil1'IeCKYJO peweTKy. I>11onor, Me,[\11K 11Jil1 

3Konor Moryr 3aAaTh eme 11 TPeT11ii Bonpoc: 3a'IeM? 11n11 AJIH '!ero? EcTecTBe

HeH Bonpoc 11 3aqacryJO oqe011,[(eH OTBeT, 3a'IeM ttor11, 3a'IeM pyK11, 3atJeM 060-

HHH11e 11 T. ,[\. B 3TOM 3aKJIJO'IaeTCH B HaweM TIOBCe,[\HeBHOM C03HaHJ111 OTJil1'!11e 

He)J(l1BOH 11 )J(l1BOH np11pO,I:\hl. bl10JIOr11'IeCKI1H CMhlCJI y )!(11BhIX Cl1CTeM TIOH

Bl1JICH 11CKJIJO'Il1TeJihHO KaK pe3ynhTaT 3,5 MJIPA neT 611onor11'IeCKOH 3BOJIJOl..(1111. 

Cnpoc11Th «3a'IeM JlyHa?» MO)!(eT no3T, HO tte y'IetthIH. Otta cymecrnyeT, He 

11MeH u;en11. JlyKaBhIH BOnpoc «3alJeM KOJieco Tenere?» TepHeT B AaHHOM KOHTeK

CTe . CMhICJI - KOJieco C03AaHO 'IeJIOBeKOM. KaK 11 BCHKaH norpaHH'IHaH o6naCTh 

3HaH11ii, on11pa10masicsi Ha cpyHAaMeHTaJihHhie HaYK11, 3Konor11si 113HatJanhHO TPe-

6yeT l1HTerp11poBaHHOro, 3Hl..(11KJIOTie,[\11'IHOro TIOAXOAa OT ee HOCl1Teneii, no

CKOJihKY ttanpasneHa Ha Bh!HCHeH11e MexaHl13MOB QlyttKl..(110HI1pOBaHJ1H 3KOCl1-

CTeM Ha scex ypoBHHX 611occpepHoii 11epapx1111. 

3KOJIOrl1H - HayKa 11HTerpanhHaH, HayKa-aKu;enTOp, BTil1ThIBaJOIUaH AOC

Tl1)!(eHl1H 11 TIO,[\XO,[\hl HayK-AOHOpOB, QlYHAaMeHTaJihHhIX ecTeCTBeHHhIX HayK 

(6110Jior1111, Ql11311Kl1 , XI1Ml111, reonor1111) , a TaK)!(e MaTeMaTl1Kl1, AOTIOJIHeH

HhIX HayKaMl1 cou;11aJibH0-3KOHOMJ1'IeCKOro KOMnneKCa. 3Tl1 ttayK11 ccpopM11-

posan11ch HaMHOro pattee 3Konor1111 11 HBJIHJOTCH B 3Ha'Il1TeJihHOH CTeneHl1 

caMOAOCTaTO'IHhIMl1. CTaHOBJieH11e 3Konor1111 KaK ttayK11 npowno HeCKOJihKO 

3Tanos: 
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• MHOroBeKOBOe HaKOWiem1e cpaKTtt'-ICCKOro MaTepmurn KaK pe3YJlbTaT TCCHOro 

o6memui qeJIOBeKa e npttpo.uoì1 II ero X0351HCTBCHHOH .llCHTCJihHOCThJO; 

• nepBbIC IlOilhITKII CIICTCMaTII3aQIIII co6paHHhIX 3HaHIIH, CB513aHHhIX e Ha-

11aJIOM BeJIIIKIIX reorpacplI<iCCKIIX OTKpb!TIIH, e KOJIOHII3aL.(IICH HOBhIX 3e

MeJib, II conpOBO)l(.llaBIIIIIXCH Ba)l(HettWIIMII OTKphITII51MII B 06nacn1 6oTa

HIIKII, 300JIOrlIII, naneOHTOJIOrlIII; 

• CTaHOBJieHIIe 3BOJIIOQIIOHHOH TeOp1I1I; 

• CIICTeMHhlH IlO.llXOA K IICCJie):(OBaHIIHM 3KOCIICTeM II cpopM1IpOBaHIIe o6-

meì1 3KOJIOrHII KaK caMOCTOHTeJibHOH tPYHAaMeHTaJihHOH 61IOJIOrlI'1CCKOH 

ttayK11; 

• CTaHOBJieHtte 3KOJIOrlI'1eCKMX HanpasneHIIH, Y<ilITbIBalOll.llIX He TOJihKO 3a

K0Hhl cpyHKL(l10H1IpOBaHl151 np1IpOAHhIX 3KOCIICTeM, HO II BCCh cneKTp aH

TponoreHHOH ):(e51TCJihHOCTII, BKJIIO'-!aH COL(IIaJibHYIO 11 f10Jil1Tl1YCCKYIO Ha

npaBJICHHOCTh; 

• cpopMttpOBaHtte cptt311KO-XMM11'1eCK11X, 6ttOXl1Mtt'-!eCK11X, 611ocp1131I'1CCKl1X, 

MaTeMaT11YeCKMX II Cl1HepreTII'-ICCK11X OCHOB 3KOJIOr1111 KaK 11HTerpaJibHOH 

HayK11 . 

Ha ceroAHHIIIHIItt AeHh II3 scex ecTeCTBeHHhrx HayK 3Konor1151 CTaHOBl1TC51 

Hatt6onee COQIIaJibHO BOCTPe6oBaHHOH II A11HaMl1'1HO pa3BIIBalOll.lCHC51 cpyHAa

MeHTaJibHOH HayKOH. I1cTOp1151 Ha116onee 3Ha'-!11MhIX sex cpopM1IpOBaHl151 KJiac

Cl1'1CCKOH 3KOJIOr1111, KpaTKO rrpeACTaBJieHHM Hl1)1(e, HarJIH):(HO 3TO 11JIJIIOCTp1I

pyeT (4- 8]. 

B HaCTOHll.lee speMH nepBhIM 3Konor11YecK1IM 11cTO'-IHIIKOM c11ttTaeTcH 

3f111'1eCKaH IT03Ma «Maxa6xapaTa» II «PaMaHHa» (VI- IV BB. AO H . 3., .[(peBH5151 

I1HA11H), B KOTOpoì1 6bIJIO AaJiO Ofl1ICaH11e o6pa3a )l(II3Hl1 II MeCTa 0611TaHl15! 

OKOJIO 50 B11AOB )1(11BOTHblX. 0AI-IaKO nepBa51 flOilhITKa o6b51CHeHtt51 OKp~alO

ll.lero M11pa B TepM11Hax Ha6rnoAaeMoì1 np1IpOAhI, a He B o6pa3ax M11cponor1I11 

np11HaAJie)l(11T ApesHerpeyecKoMy cp11nococpy <l>anecy M HJJeTCKOMY ( 655 -
OKOJIO 547 r. AO H. 3 .) , nonarasweMy, '-ITO BCe B Mttpe B03Hl1KaeT 113 BO):(hl, co

CTOIIT II3 BOAhl II npespamaeTCH B BO):(y . .[(pyroì1 rpeYeCKl1H cp1IJIOCOcp IlapMe

HH.ll (OKOJIO 540-480 rr . .llO H . 3. ) B f103Me «0 np11po):(e» pa3BHJI y11em1e o Y:e

Tblpex Be<!Hh!X 11 HCH3MeHHhIX 3JJeMeHTax )K113HH: orHe, B03.llyxe, BO.Ile II JeM

JJe, 113 CO'-!CTaHl151 KOTOpblX B pa3JJII'-!Hb1X nponopu1rnx o6pa3yeTC51 BCe cymee, B 

TOM q11cne QIIKJJII<iHOCTh M11posoro npouecca (611occpepb1). BnepBhie BJil15!H1Ie 

OKpy)l(aJOIQett cpe.llhI (reorpacp1I11ecK1Ie II KJI11MaT1111ecK11e ycnos11H) Ha opra

H113M YeJJOBCKa 11 o6pa3 ero )1(113Hl1 6blJIO OTMeYeHO .llpeBHerpeqeCKIIM cp11-

JJOCOcpOM .LJ:eMOKpHTOM 113 A6.llep (<l>paK11H) (oKono 460- 361 rr . .llO H. 3.), 

KOTOpblH .lla)l(e np11YIIHY np011CX0)1(.lleHII51 )i(l13HII Bl1.lleJJ B crreu11cp1IY:eCKIIX 

oco6eHHOCT51X cpe):(bl . 3Ty HayY:HYIO JJl1HIIIO pa3Bl1JI .llPCBHerpeY:eCKIIH BpaY: 

runnoKpaT (460-377/356 rr . .llO H. 3.), 33JIO)l(IIBIIIl1H B TOM Yl1CJIC OCHOBhl MC

.lllil\IIHCKOH reorpacp1I11. I1MCHHO OH BnepBble Bhl):(BIIHYB TC311C 06 onpe.lleJJ511-0-
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meM amurnm:1 COUHaJibH0-3KOnont"lfeCKHX (B cospeMeHHOM IIOHl1MaH11H) <fiaKTO

poB Ha <fiopM11poBaH11e TeneCHbIX (KOHCTHT)'U11H) 11 .ll.yrneBHbIX (TeMrrepaMeHT) 

CBOHCTB LienoseKa. 

Co speMeH aHTHLIHOro <fi11nococpa ApncTOTeJIH (384-322 rr . .li.O H. 3 ., 

ìJ:peBIDIH rpeu11H) cp11311Ka BKil!Ol.Jana B ce6H BCIO COBOKYIIHOCTb CBe.ll,eHl1H O 

He)!<HBOH 11 )!(11BOH rrp11po.ll,e (rpet.J . physis - rrp11po.L1.a). CTyrreH11 rrprrpO.ll.hI B 

ero rrpe.ll,CTasneHl1H: HeopraHl1l.JeCKl1H M11p, pacTeHl1H, )!(11BOTHble, LienoBeK. 

Ap11cT0Tenh s cso11x Tpy.L1.ax («0 t.Jacrnx )!(11BOTHhJX», «B03Hl1KHOBeH11e )!(11-

BOTHhIX», «Orr11caH11e )!(11BOTHbIX») 0.ll,Hl1M 113 rrepBblX pacCMOTpen )!(HBOTHbIX 

B CBH311 e 11X MeCT00611Tam-1eM. 

YLieHHK Ap11cTOTeAA 11 O.ll.HH 113 rrepBbIX 60TaH11KoB .L1.peBHOCT11 Teoit>pacr 

(372-287 rr . .ll,0 H. 3 ., ìJ:peBHfill rpeuHH) B KHl1faX <<EcTeCTBeHHaH 11CTOpHH paCTe

HHH», «0 rrp11l.Jl1Hax pacTeHHH» OIIl1CaJI ecTeCTBeHHble rpyrrrr11pOBKl1 pacTeHl1H, 

CBH3aHHble e orrpe.ll,eneHHblM MeCT00611TaH11eM, THIIbl .ll,epeBbeB, rrpOH3pacTaIO

IU11X B ropHOH MeCTHOCTl1 Ha pa3Hb!X BbJCOTax. DOilbillOe BHl1MaH11e B CBOHX Tpy

.ll,ax OH y.uenHn BilHHHl1IO BHernHeH cpe.ll,bl Ha )!(HBbie opraHl13Mbl, 11 11MeHHO OH 

srrepsbre pa3.ll,eJmn IIOKpbITOCeMeHHbie pacTeH11H Ha )!(113HeHHhre <fiopMbI: .ll,epe

BhH, KYCTapH11KH, IIOilYKYCTapH11KH 11 rpaBhl e Y"lfeTOM 3aBl1CHMOCTl1 OT IIOl.JBbl 11 

Kn11MaTa. Mo)!(HO ct.J11TaTh, "ITO Teo<fipaCT 3aJIO)!(l1n ocHOBhI reo6oTaHHKH. Ilo3)!(e 

I1mrn11ìi Crnprn11ì1 (79-23 rr . .li.O H. 3. , ìJ:pesH11ì1 P11M) 0606ru11n .ll,aHHhie rro 300-

norn11, 60TaH11Ke, neCHOMY X03HHCTBY B KH11re <<ECTeCTBeHHaH 11CTOpHH». 

P11MCK11ì1 spaLI 11 ecTecTso11crrbITaTenh, TeopeT11K aHTH"IHOH Me.ll,11U11HhI 

KJiaBLJ,HH raJieH (129-200) srrepBbie pa3.ll,en11n cpyHKUHH M03ra Ha LIYBCTBH

TenbHbie ( ceHCOpHble ), HHTerpaTHBHbJe 11 HCIIOilH11TenbHbJe (MOTOpHb!e ) . B CBOl1X 

rpy.ll,aX OH BCH"!eCKl1 IIO.ll..ll.ep)!(11Ban B033peHl1H ApHCTOTenH 11 r11rrIIOKpaTa O 

Bll11HHHH Knl1MaTa Ha 3.ll,OpOBbe. 

OKp~aroruaH Hac rrp11po.L1.a Ha rrporn)!(eH1111 seKOB .nasana HayKe rrp11Mepb1 

CilO)!(HOro .ll,11HaMl1l.JeCKOro nose.neHl1H 06be)l11HeHHb!X 611oc<fiepoì1 IIO)lCl1CTeM. 

MaTeMaT11LieCKOe MO)len11posaH11e B 611onor1111 l1CTop11LieCKl1 CBH3aHO e orr11ca

HHeM .ll,11HaM11Kl1 norrynHU11H, 3BOilIOU110HHOro rrpouecca, pacrrpocTpaHeHl1H 

3II!1.ll,eM11H, 611onor11L1eCKl1X "laCOB 11 T. )l. Ilo)!(anyìi, rrepBbIM, KTO np11MeH11n 

MeTO.ll, KOilHl.JeCTBeHHOfO Mo.nen11poBaHHH B 611onor1111, 6brn 113BeCTHblH HaM CO 

illKOilhI MaTeMaTHK JleoHap.i:.o l1113aucKnii (<1>116ottaLI'IH) (1180- 1240). OH 

srrepsbre B Esporre c11cTeMaT11t.JecK11 113IlO)!(Hil B <<Kt111re a6aKa» .nocT11)!(eHHH 

apa6CKOH MaTeMaTHKH, 11 B 1202 r. rrpe.nno)!(Hll )lAA OIIl1CaHHH pa3MHO)!(eHl1H ce

Mbl1 Kp0Il11KOB l.Jl1Cil0ByIO rrocne.nosaTenhHOCTb, r.ne Ka)!()lb!H l.JlleH HBAAeTCR cyM

MOH .nsyx rrpe.nb1.nyrn11x (t.J11cna ct>1160Hal.JLI11: I, I, 2, 3, 5, 8, 13, 21, 34 ... ). 

Jleouapn,o n,a Bntt'IH ( 1452-1519) - sem1qaì1rn11ìi 3HUHKnorre.n11cT, xy

.ll.O)!(Hl1K 11 ecTecTso11crrbITaTenh, asTop rrepsoìi KOHcrpyKu1111 neTaTenhHoro 

arrnaparn, B3»Brnefi 3a o6pa3eU Kpbrno neTY"lfett Mhill111, cn,enan 6e3MepHo MHO

ro .nnH aHaToM1111. OH crnn co3.naTeneM rrpo.nyKT11BHoro HaY"lfHOro rro.nxo.ll,a .nnR 

aHaTOMOB 11 cp11311onoros o CBH311 cpopMhI, CTPYKTYPhI 11 <fiYHKu1111 opraHOB. fie3 
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COMHeHI-Ul, Jieottap.n:o .n:a B11HqH - OCHOBaTeJib 6HOMeXaHHKH, C03.D:aBllIHH 

KJiaccmpHKaumo MblllIU, yqettHe o 6HOMexaHHKe CKeJieTa, KHHeMaTHKe CKeJieT

HO-MbIWe'!HblX CHCTeM, 6HO.JJ:HHaMHKe cep.n:ua, o6meii: MexaHHKH .D:BmKeHml 

'!eJIOBeKa H JIOwa.n:H, noJieTa nTHU H T . .n:. 

WBeiiuapCKHH ecTeCTBOHCnhITaTeJib Koupa.u recuep (1516-1565) OCHO

BaJI nepBbIH ecTeCTBeHHO-HCTOpH'IeCKHH My3eii: . EMy TaK)!(e npHHa.D:Jie)!(HT o.n:

Ha H3 nepBbIX nonh!TOK KJiaccH<PHKauHH pacTeHHH: OH pa3.n:eJIHJI paCTHTeJibHOe 

uapcrno, ocHOBhIBaHCh Ha npH3HaKax uBeTKa H ceMeHH. B 1551-1587 rr. H3.UaJI 

nHTHTOMHY!O «l1CTOpH!O )!(HBOTHbIX», B KOTOpoH:, HCXO.JJ:H H3 KJiaccH<PHKauHH 

ApHcToTeJIH, on11ca11 )!(HBOTHhIX, B TOM 'IHCJie H no npH3HaKy cpe.n:bl 0611TaHHH. 

raJJuJJeo faJJUJJeii: (1564-1642) nepBOHaqaJibHO myqaJI Me.JJ:HI..\HHY B TIH-

3aHCKOM YHHBepCHTeTe H TOJibKO nOTOM ys11eKC5l reoMeTpHeH, MexaHHKOH, ac

TPOHOMHeii, coq11HeHHHMH ApxHMe.ua H 3BK1111.ua. OcTaBJIHH B cTopoHe BhI

.n:a10m11ecH pa6oTbl faJIHJieH BO MHOrHX 0611acrnx HayKH, o6paTHM BHHMaHHe 

Ha OiJ:HY TeMy, KOTOpy!O OH 3aTParHBaeT B «)J,HaJiore o .UBYX rnaBHeHWHX CHC

TeMax MHpa» (1632): H3MeHeHHe pa3MepoB CHCTeMbl H3MeHHeT ee CBOHCTBa. 

Pacc~.uaH o npoqHOCTH 6aJIOK 3):(aHHH H KOCTeii, faJIHJieii: BBO.UHT B HayKy 

KOHuenuH!O, BeCbMa aKTYaJibHYIO .UJIH COBpeMeHHOH 6HOMexaHHKH, 611o<PH3HKH 

H 3KOJIOrHH KaK CHCTeMHOH HayKH. Pacc~.n:eHHH Kaca!OTCH rHIIOTeTH'!eCKOH 

«C06aKH»: eCJIH <<raJIHJieeBa co6aKa» CTaHeT B 2 pa3a Bblille, TO OHa CTaHeT B 

8 pa3 6oJibllle, npH 3TOM npoqHOCTb KOCTeH .UOJI)!(Ha B03pacTH B 8 pa3, HO HX 

ceqettHe yBe1111q11TCH TOJihKO B 4 pa3a. ITo3TOMY H~HhI HOBhre nponopu1111! 

0TMeqeHHa5l B 3TOM pacc~.ueHHH HeCHMMeTpHH H3MeHeHH5l MaCllITa6oB He 

MeHee Ba)!(Ha, He)!(eJIH C03):(aHHa5l faJIHJieeM .UHHaMHKa, oco6eHHO .UJIH 6110110-

rm-1 H 3KOJIOrHH. ITpHMeqaTeJibHO, 'ITO .n:HcKyccHH o <PH3HKo-x11M11qecKoì1 3a

.n:aHHOCT11 pa3MepoB 6110MOJieKyJI, KJieTOK, opraHOB H ueJib!X opraHl13MOB He 

CTl1XaeT B HayqHOM coo6mecTBe 11 IIOHbIHe. B HeH 3aTParHBalOTC5l npo611eMbl 

Mop<Porette3a 11 nponopuHH:, npo611eMhI .n:11<P<PY3HOHHhIX orpaHH'leHHH pa3MepoB 

KJieTOK H opraHeJIJI B COOTHOilleHl111 CO CKOpOCT5lMl1 <PepMeHTaTl1BHb!X aKTOB 11 

npoueccos 611oc11HTe3a, 3cpcpeKTHBHOCThIO BHYTPl1KJieToqHoro, BHYTPHMeM-

6pattHoro 11 Me)!(KJieToqHoro MacconepeHoca, 311eKTpw1ecKoì1 pery11Hu1111 11 T . .u. 

l1 ace 3TO B .n:onOJIHeH11e K Tpa.u11u110HHOH 3a.n:aqe TeIIJI006MeHa y opraHl13MOB 

npH pa3Hb!X COOTHOilleHHHX o6oeMIIIOBepxHOCTb. 

Pene )1.eicapT ( 1596-1650), mBeCTHhIH TaK)!(e no.u 11arnHH311poBaHHhIM 

HMeHeM KapTe311ì1, Bhr.n:aIOlllHHCH cppaHuy3cK11ì1 cp1111ococp, MaTeMaTHK, cpH311K 

11 cp113110JIOr, .n:aJI nOH5lTl1e KOOp.U11HaTbl, cpyHKUl111, ccpopMyJIHpOBaJI 3aKOH npe

JIOMJieHl15l CBeTa, .n:an nOHHTl1e Cl1Jlbl 11 Tor.n:a eme HeTO'IHYIO <PopMyn11pOBKY 

3aKOHa coxpaHeHHH KOJ111qeCTBa .UB11)!(eHHH, BBeJJ B HayqHyIO npaKTHKY npe.u

CTaBJieHHe o (6e3ycnoBHOM) pecp11eKce. CTPeMneHHe )J,eKaprn «pau110HaJihHO» 

o6b5ICH5!Tb 5lBJ!eHl15l np11pO.Ubl Ha OCHOBaHHl1 COBpeMeHHb!X eMy ecTeCTBeHHO

Ha)"!HbIX npe.n:cTaBJJeHHH npHBO.UHJIO K HeM11HyeMbIM 3a6n~.n:eHH5lM. )J,eKapT 

3aHl1MaJIC5l cpH3HOJJOrneii: KpOBoo6pameHl15l, np11.uep)!(HBaHCb BO MHOroM B3rnH-
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nos csoero cospeMeHHHKa aHrn11ì1cKoro spaqa YnJJhHMa rapBeH ( 1578- 1657), 
asTopa «AHaToM11'!ecKoro 11ccnenosatt11J1 o nsmKeH1111 cepnua 11 Kpos11 y 

)f(l1BOTHhIX» (l 628). OnHaKo, ecn11 fapseì1 C'IHTan, 'ITO KpOBh B opraHH3Me 

nepeKa'!11BaeTCJI BCJiel{CTBl1e COKpameHl1JI cepne1rnoì1 Mhlll!Uhl, TO, cornaCHO 

.LJ.eKapry, KpOBh, HarpeBaJ!Ch B cepnue, pacll111pJ1eTcJ1 11 pacnpocTPam1eTcJ1 no 

cocynaM. 3aMe'!aTenhHOe, 3HaMeHaTenhHOe 3a6n~nett11e! Eme He ccpopMyn11-

posaHhI 3aKOHhl TepMOl{l1HaMl1Kl1 11 HeT rrpencTaBneHl1H o TennOBhlX 11 HeTe

ITJIOBhlX Mall111Hax. Ho 11MeHHO Y11nhJ1M fapseì1 B csoeì1 KH11re Ha octtosa

H1111 BBeneHHOH HM B11Bl1CeKU1111 nan aHaTOMO-cp113110JIOrl1'leCKOe on11caH11e 

opraHH3Ma. 

AHrn11ì1cK11ì1 x11M11K 11 cp11311K Po6epT lionJJh ( 1627-1691) snepBhie ccpop

Myn11posan HayqHoe orrpenenett11e x11M11'!eCKoro 1neMeHTa 11 nonO)f(l1JI Ha'lano 

x11M11qecK0My attanl13y - npapon11Temo 3KOMOH11rnp11ttra. B 1670 r . OH no

cTas11n 1Kcnep11MeHT no neì1cTBl1J-O Ha opratt113MhI Hl13Koro aTMoccpepHoro 

nasneHml, B pe3ynhTaTe KOTOporo 6hIJIO BhIJIBJieHO, 'ITO Ha1160JihllleH CTOHKO

CThl-0 K BaKyyMy o6nanaJ-OT BO,[(Hhie, 3eMHOBOl{Hhie 11 noHK11JIOTepMHhie (He 06-

nana1-0m11e nOCTOJIHHOH TeMnepaTYPOH Tena) )f(l1BOTHhie . 3Ta 3aBHCl1MOCTh 

6hrna 06'hJ1CHeHa o6pa30M 11x )f(l13Hl1, T. e. srrepshre 6brna npennp11HJ1Ta nonhIT

Ka o6'bJICHeHml B3al1MOCBJ1311 Me)f(l{y cp11311'leCK11Ml1 ycnOBl1JIMl1 cpel{hl 0611Ta

Hl1JI: opraHl13MOB 11 11X ananTauHOHHhlM noTeHIJ;HaJIOM. : 

foJIJiaHl{CKl1H cp11311K KpHCTHaH rrourenc ( 1629-1695), 113BeCTHhIH pa-

6oTaMl1 B o6naCTl1 reoMeTPl1'leCKOH onTHKl1 11 MeXaH11Kl1 KOJ1e6att11ì1, Han11can 

KH11ry «KocMoTeopoc», 113l{aHHYJ-O B Pocc1111 no yKa3y IleTpa Ben11Koro, B KO

Topoì1 YTBep)f(l{aJI, 'ITO (()f(l13Hh eCTh KOCMH'leCKOe JIBJleHHe» . C TeX nop He 3a

Tl1XaJ-OT ttayqHhie cnophl o B03MO)f(H0CTl1 KOCMH'leCKOrO «npHBHeCeHHJI» )f(l13-

Hl1 Ha 3eMnJ-O. TaJOKe sa:amo ynOMl!HYTh co3natt11e fJ-Oì1reHcoM Teop1111 CBJl3aH

HhIX OCUl1JIJIJl:TOpOB. IlnasaJI Ha KOpa6ne, OH 3aMeTl1JI, 'ITO MHOfO'IHCJleHHhie 

MaJITHHKOBhie 'laChl 113 ero JIJ-0611MOH KOJIJieKU1111 Cl1HXpOHl13YJ-OT CO speMeHeM 

csoJ-O pa6ory 3a c'!eT cna6h1x MexaH11'!ecK11x CBJl3eì1 qepe3 nepeBJIHHyJ-0 nepe

roponKy. 3rn cyry6o MexaH11'!ecKoe tta6n1-0nett11e 11 ceH:qac npenCTasnJ1eTCJ1 

aKTyaJihHhlM np11 paccMOTpeHl111 B3al1MOl{ettcTBl1JI 611onor11qeCKl1X aBTOKOJie-

6aTeJlhHhlX 11 aBTOBOJIHOBhIX Cl1CTeM. 

M11KpOCKon11J1 KaK Mernn np11MeHeH11J1 cp11311qecKoro np116opa Mli 113yqe

HHJ1 611onor11qecK11x o6oeKToB ccpopM11posanach B XVII B. Ilpocrnì1 onHon11H-

30Bh1ì1 M11KpOCKOn (nyna e CHi!hHhIM ysen11'!eH11eM) 6brn 113BeCTeH ~e B xv B. 

OBJ1anes 11cKyccTBOM llln11cposaH11J1 onT11'!ecK11x cTeKon, ronnaHncK11ì1 ecTecT

so11cnhITaTenh AnTonu Ban JleBenryic (1632-1723) nosen ero ysen11'leH11e no 

300 KpaT 11 snepBhie on11can M11p MHKpoopraHl13MOB, B T. 11. 6aKTep11ì1, npo

CTettllll1X, nnecHeBhlX rp1160B, qacTett Ten HaCeKOMhlX. Il03)1(e 113yqan r11CTOJIO

r11qecKyJ-O CTPYKTYPY Kan11nnHpHh1x cocynos )f(l1BOTHhIX, CTPOett11e HepBHhIX 

TKaHeì1 11 3Pl1TPOUHTOB. B 1695 r. ony6n11Kosan nepByJ-O KH11ry no M11Kpo6110-

norn11 «Taì1HhI np11ponhrn. 
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AHfJIH'IaHJ.IH Po6epT ryK ( 1635-1703), B .uaJibHell:rneM ycoBeprneHCTBO

BaBllJHH MHKpOCKOIT, H3BeCTeH KaK cpH3HK (myqan L\BeTOBhie OITTH'-IeCKHe :icp

cpeKTbl B TOHKHX MaCm!HhlX rrneHKax H ITY3blpl!x), KaK Terrnocptt3IlK (ycTaHOBHJI 

nOCTOl!HCTBO .UJil! BCex TeJI ToqeK KttrreHHl! Il rrnasneHill!), KaK C03)laTeJib 3aKO

Ha yrrpyrOCTH .llJil! TBep.UbIX TeJI, KaK BhI)la!OII.{IlHCl! aCTPOHOM. KpoMe Toro, ryK 

H3BeCTeH BhJ)la!OII.{IlMCl! OTKpb!THeM B 611onor1111 - OH srrepBbJe o6Hap)')KHJI 

KJieToqHoe CTPOeH11e opraHtt3MOB. 

CttcTeMaT11qecK11e ecTeCTBeHHO-HayqHhie Hccne.uoBaHHl! Haqanttch B Poc

c1111 co BpeMeHH ocHoBaHttl! IIeTpOM I B 1725 r. AKa.ueMttH HayK s I1eTep6ypre, 

CTpyKTypa H rryTH pa3BHTill! KOTopoll: 6bJJIH rrpo.uYMaHbl seJIIlKIIM HeMel.\KHM 

MaTeMaTHKOM H cpttnococpoM-H.UeaJIIlCTOM ronJ>pH.UOM BHJibreJibMOM <J>ou 
Jleii6uuueM ( 1646-1716), rrp11BneqeHHhIM IIeTpOM I K C03.UaHHIO Hal.\ttOHaJih

HOìI aKa.ueM1111. OH co3.uan KOM611HaTopHKy, 3anmKttJI MaTeMaTHqecKy10 norttKy. 

J1eì:i6Httl.\ rronaran, qTo ero .u11cpcpepeHL1ttaJihHoe Hcq11cneHHe crroco6Ho pac

KphITh CeKpeTbl qenoseqecKOH rrpHpO)lhl. B KOHTeKCTe 3apo)J()leHill! OCHOB 3KO

JIOfilil, Ha116onee ttHTepecHhIM B ero HayqHoM 6ara)l(e HaM rrpe.ucTaBnl!eTcl! 

«MoHa.uonorHl!», B KOTopoll: asTop 113naran cso11 rrpe.ucTasneHHl! o CTPYKTYPe 

)l(IlBOro: BCe )l(HBOe COCTOHT H3 6eC'!IICJieHHhlX .uel!TeJibHh!X cy6cTaHJ..\HM MO

Ha.U, HaXO.lll!II.{IIXCl! Me)l(.uy co6oì1 B rapMOHilil (BCITOMHilM o HbJHeillHHX rrpe.u

CTaBJieHHl!X OTHOCHTeJibHO 6HoMaKpOMOJieK)'JI Il MeTa60JIIl'!eCKilX CeTell:!). I1 Ha-

3h!BaJI J1eì16Hlll{ 3TOT cymeCTsy10m11ì1 rapMOHHqHhlll MHp «HattnyqrnttM 113 

scex B03MO)l(HhIX Mttpos». )J,eKapT, HhIOTOH H J1eì16HH1{ YTBep)l(.uantt, 'ITO Me

xaHtt'!eCKtte 3aKOHhl H)leHTil'!Hhl .llJil! )l(IIBOH H He)l(IlBOH rrpHpO.llhl. 

Bhr.ua10mHì1Cl! mse.ucK11ì1 ecTecrno11crrh1TaTeJih KapJI Jluuueii ( 1707-1778) 

srrepBhre rrocne.uosaTeJihHO rrpHMeHHJI 611HapHy10 HOMeHKJiaTYPY (1735) H rro

CTPOHJI caMym y.ua'IHYIO KJiacCHcj)HKal{ttIO pacTeH11ìI H )l(HBOTHhIX. B 1749 r. 

orry6JIHKOBaJI CBOIO .u11ccepTal{Il!O rro.u Ha3BaHHeM «3KOHOMHl! rrpHpO.llhl», B KO

TOpoll: YTBep)l(.uan, 'ITO )lJil! ITO.ll.llep)l(aHHl! paBHOBeCill! B3ailMOTHOilleHilH opra

Hil3MOB, KpOMe pa3MHO)l(eHill!, Ba)l(HO Il HX YHH'ITO)l(eH11e/pa3pymeH11e, TaK KaK 

r116enh o.uHoro opraHH3Ma .uenaeT B03MO)l(HhIM cymecTBOBaHHe .upyrHx. Mo)l(HO 

C'!HTaTh, OH ITOJIO)l(IlJI Haqano TeopHil 3KOJIOfHqecKoro paBHOBeCill! 3KOCHCTeM. 

B 1760 r. OH rry6nHKyeT .u11ccepTal{IlIO rro.u Ha3BaHtteM «06mecrneHHOe ycT

policTBO rrpHpO.llhI», s KOTopoll: cpasHttsaeT rrpttpo.uy e qenoBeqecKttM o6mecT

BOM, )l(IlBYil..IHM rro orrpe.ueneHHh!M 3aKOHaM. 3TOT rro.uxo.u rro rrpasy MO)l(HO Ha-

3BaTh rrepBhlM H3 Il3BeCTHh!X HayKe CilHepreTtt'!eCKilM ITO.UXO)lOM. 

<I>paHl{y3cKttìI ecTecTBOHCIThITaTeJih H '!JieH I1eTep6yprcKoì1 AH '.ìKopm: 
Jlyu JleKJiepK I>ro<J><J>ou (1707-1788) HaITHCaJI 44-TOMHYIO «ECTecTBeHHYIO 

11cTopHIO» ( 1749-1804), r.ue BhICKa3an rrpe.ucrnBneHttl! o reonorn'!eCKOM pa3-

BHTHH 3eMHOro rnapa Il e.uttHCTBe CTpOeHHl! opraH11qecKoro Mttpa. B OTJIIlqtte 

oT Kapna J1ttHHel!, OH rronaran, 'ITO Bil.llhI H3MeHl!IOTCl! no.u BJIIll!HtteM pa3HO

o6pa3HhIX cpaKTopos BHernHeìI cpe.UhI 11 «rHeTa rropa6omeHttl!», T. e. o.uoMarn

HttBaHttl! Il rrpttpyqeHill!. KaK He BCITOMHIITh oco6eHHOCTil cpopMttpoBaHill! rro-
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nymn.111ii s rpaH111.1ax yp6aH11311posaHHbIX- Tepp1nop11ii, Q:>opM11posaH11e KYJJb

TypHbIX 811,UOB pacTeHIIH II T. ,Ll. 

IleTp CeMeHosuq IlaJJJiac (1741-1811) - pyccKIIH eCTecTso11cnb1Ta

Te11b, aKa,UeMIIK IleTep6yprcKoii AH, asTOp «<D11opb1 PocC.1111» ( 1784- 1788), 

3aJimKIIJl OCHOBbl KJlacc111-1eCKOro on11caH1I5I )!(11BOTHOro II pacTHTeJlbHOro MIIpa 

B CB51311 e KJl11MaTl1'-!eCKl1M11 11 reorpaQ:>1I'-ieCKIIMII yc110Bl15IMII. 

MuxauJI Bacum>esuq JloMOHocoB (1711-1765), 6y,UyYII nocJJe,UOBaTeJJeM 

HbfOTOHa II np1Isep)!(eHueM ero npe,UcTas11eH1IH o po111I 3Q:>1Ipa B Q:>H31I'-!ecK11x II 

Q:>1131Io11or1I'-!eCK1IX npoueccax, nonbITaJJC51 ,UeTa111I311posaTb on1IcaH11e HepBHOro 

IIMnyJJbCa, peuenUIIII 11 3peHl151 Ha OCHOBe MexaHWieCKOH MO,UeJJII 3Q:>1Ipa. 

B «C11ose o npo1ICX0)!(,LleHl111 CBeTa>> OH onl1CbIBaeT MexaHl1'-leCKYJO MO,UeJlb 

3cjmpa, COCT051IUYIO 113 MaJlblX cQ:>ep, 11MelOIU11X Ha CBOeH nosepxHOCTII 3y6ubl, 

nnoTHO cuenJI5I10IU1Ie coce,UHIIe cQ:>epbI np11 nosopoTax 11 spameHIIII. I1p11 3TOM 

Ha ,LlBII)!(eHIIe 3Tl1X 3cj:J11pHbIX '-!aCTIIU MOrYT OKa3bIBaTb BJ11151Hl1e MOJJeKyJJbl pa3-

JIH'fHblX semecTB. «1160 no MexaHII'-!eCKIIM 3aKOHaM II3BeCTHO, - n11llleT Jlo

MOHOCOB ,UaJJee, - '-ITO MHOr11e TbIC51'-111 TaKl1X lllapOBbIX KOJleC, KOr,Ua OHl1 CT0-

51T B COBMeCTHOM cuenJJeHIIl1, 6ecnpepbIBHO ,UOJl)!(Hbl e O,UHIIM nosepHYTbIM 

BHellIHelO Cl1JIOIO sepTeTbC51, e OCTaHOBJJeHHb!M OCTaHOBl1TbCH II e Hl1M KYDHO 

YMHO)!(l1Tb IIJJl1 YMaJIBTb cKopocTb ,UBl1)!(eH1151 . Ta1<11M o6pa3oM, Kl1CJJa51 MaTep1I51, 

B Hepsax 513b!Ka CO,Uep)!(aIUaHC51, e nOJJO)!(eHHbIMl1 Ha 513b!K Kl1CJlb!MII '-!aCT11UaMII 

cuenJJ51eTC51, nepeMeHy ,LlBl1)!(eHII51 np0113BO,Lll1T 11 B M03re OHYJO npe,UCTaBJJ51eT. 

TaK11M cnoco6oM po)!(,UaeTcH 060H5IH11e. TaK npo11cxo,U5IT X11M1I'-lec1<11e paCTBO

pbI, cnyc1<11, K1IneH11e». KoHe'-!HO, e no311u11ii cospeMeHHOH HayKII np11se,UeHHOe 

BbICKa3b1BaH11e BblrJJ51,Lll1T apxalI'-IHbIM, 0,UHaKO ,Ua)f(e nplI He1IMeH1111 <<,UOCTaT0'-1-

HOro 3anaca OTib!TOB» B HeM yra,UbIBalOTC51 rny6oKO OCMblCJJeHHbie, XOT51 11 11H

TYffTl1BHbie, npe,UcTaBJ1eH115I o Q:>yH,UaMeHTaJJbHblX csoiicrnax 61IOJJOrH'-!ec1<11x 

Cl1CTeM - U11KJll1'-!eCKl1X npoueccax, aKTIIBHbIX cpe,Uax, aBTOBOJIHOBbIX npouec

cax, CB513aHHb!X e HIIMl1 3JleKTp11'-1eCKl1X B3al1MO,UeHCTBII51X II T. ,Ll . 

ìKaH IiaTHCT JlaMapK (1744-1829) - BbJ,UaIOIUIIHCH Q:>paHUY3CKl1H 6110-

JJOr, 3BOJllOUIIOHl1CT II npe,UllleCTBeHHl1K q _ ,ll;apBIIHa. Ilo npe,UJJO)!(eHIIIO JlaMap

l<a B 1793 r . KopoJJeBCKIIH 6ornH11'-!ecK11ii ca,U, r,Ue pa6orn11 JlaMapK, 6brn peop

raHmosaH B My3eii ecTeCTBeHHOH 11cTop111I, me OH cTaJJ npocj:JeccopoM no Ka

Q:>e,Upe 300JIOrHl1 HaceKOMblX, '-!epseii 11 M11KpOCKOntt'-!eCKJ1X )f(l1BOTHblX. JlaMapK 

CTaJJ TaKl1M )!(e 3HaTOKOM B o6JJaCTII 300JJOrlIII, KaKl1M 6blJI B 0611aCTl1 6oTaHIIKII . 

I1MeHHO OH B 1796 r. npe,UJIO)f(IIJJ TepMIIH «6ecno3BOHO'!Hbie». B 1815- 1822 rr. 

BbJXO,Lll1T B cseT 7-ii TPYLl JlaMapKa «EcTeCTBeHHa51 11CTOp1151 6ecno3BOHO'-IHbIX», 

B KOTOpOM OH 01rncaJ1 Bee II3BeCTHbie B TO speM51 pO,Llbl 11 BII,Llbl 6ecn03BOHO'-l

HbIX. EcJJII J111HHeii pa3,UeJ111JI 11x TOJibKO Ha ,Usa KJJacca ('Iepseii 11 HaceKOMbIX), 

TO JlaMapK BbI,UeJJIIJJ cpe,UII Hl1X 1 O KJiaccos. CospeMeHHbie 1IccJ1e,UoBaTe1111, 3a

MeT11M, BbI,UeJl5IIOT cpe,U11 6ecno3BOHO'!HbIX 6onee 30 T11nos. Ho caMbIM 3Ha'-!II

TeJibHbIM TPY,UOM JlaMapKa crnna KHIIra «<D1InocoQ:>1I5I 3oonorn11» (1809), s KO

Topoii OH 113Jl0)f(IIJI CBOIO TeOplIIO 3BOJllOU111I )!(IIBOro M11pa. OH C03,UaJI nepsyio 
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uenoeTHyIO KOHUerrumo 3BOJIIOU1111 )l(HBOH rrp11pO.Uhl (naMapK1:13M), oeHOBaHHYIO 

Ha 113MeH'll1BOeTl1 opraHl13MOB Herroepe.ueTBeHHO rro.u BJil1HHl1eM epe.Uhl KaK 1:1e

TO'IHl1Ka HX 3BOJIIOU110HHOro pa3Bl1T11H. 

JlaMapK11eThl B eBOIO O'Iepe.uh eo3.uan11 HayqHyIO lllKOJiy, .uononmrn .uapBH

HOBeey10 11.ue10 oT6opa 11 <<BhJ)l(l1BaH11H Ha116onee np11enoeo6neHHOro» 6onee 

6naropO.UHhIM, e «'leJIOBe'leeKOH» TO'IKl1 3peHl:IH, «eTpeMJieH11eM K nporpeeey» 

B )1(11BOH np11po.ue. KpoMe 6ornH11'leeK11x 11 3oonornqeeK11x pa6oT JlaMapK 113-

.uan pH.U Tpy.uos no r11.upo11or1111, reo11or1111 11 MeTeopo11or1111. B «f11.uporeo110-

rn11» (1802) JlaMapK Bhl.UB11HYJI rrp11HU11IT HeTOp113Ma 11 aKTYaJil13Ma B TpaKTOB

Ke reo11or11qeeK11x sis11eH11.ì1. He oueHeHHaH eospeMeHH11KaM11, nonseKa erryeTH 

ero TeOp11H ernna rrpe.uMeTOM ropH'Il1X .u11eKyee11.ì1, KOTOphie He npeKpaTl1Jil1eh 

11 B Hallle BpeMH. 

B XVI-XVIII BB. rronyq11no pa3s11T11e HanpaBneH11e Me.u11u11HhI, KOTO

poe Ha3h!BaJIOeh <<HTpO<l>11311KOH» 11Jil1 «HTpOMeXaHHKOH» (rpe'I. iatros - epa'I) . 

Me.u11K11 rrhnan11eh o6bHeHl1Th Bee sisneH11H B 3.uoposoM 1:1 6onhHOM opraH113-

Me qeJIOBeKa 11 )1(11BOTHhlX Ha oeHOBaHl111 3aKOHOB <l>11311Kl1 11Jil1 X11MH11. H TO

r.ua, 11 B rroene.uyIOllll1e speMeHa eBH3h 3Tl1X HayK e 611onor11e.ì1 6hrna Tee

Hettllleìi, Bene.ueTBl1e qero Bene.u 3a HTpocp11311KOH ITOHBl:IJiaeh 11 HTpOXl1Ml1H. 

CauTOpuo CauTopuo (CauTOpuyc, Camnopuyc) (1562-1636), 11TaJihHH

eK11ìi Bpa'I, npocpeeeop Teopmi: Me.UHUHHhI yHnBepe11TeTa B IIa.uye, pa3BH

BaBlllHH npe.ucTaBJieHUH HTpO<i>H311Kl1, 6hIJI eoBpeMeHHHKOM fa11u11esi, pa3.ue

JIHJI ero B3rJIH.Uhl Ha He06XO.UHMOeTh KOJIU'leeTBeHHOro no.uxo.ua B eeTeeTBeH

HhIX HaYKaX, flhITaJieH uerrOJih30BaTh HeKOTOphie ero 11306peTeHl1H B Me.u1:1u11He. 

CaHTOp110 BnepBhie BBen B Me.uuunHeKyIO rrpaKTHKY TO'lHhie KOJIH'leeTBeH

Hhie 113MepeHl1H. KaK Me.UHK OH npocJiaBUJieH KpOITOTJil1BhIMH MHOroJieTHl1-

Ml1 (30-JieTHl1Ml1 !) 11ecne.uoBaHl1HMl:I HBJieHl1H 6anaHea MaeehI y nauneHTOB B 

xo.ue )1(113He.uesiTeJihHOeT11. TlllaTeJihHO 11x B3Belll11Basi, yq11Th1BaH noTpe6nsie

MYIO ITl1lllY 1:1 BhI.UeJieHl1H, OH o6Hapy)l(l1JI cp11yKryau1111 seea 11, rnaBHOe, 'ITO 

Bhl.lleJieHl1H opraHl13Ma B pe3yJihTaTe «HeOlllYTl1MOro noTeHl1H)) npesoeXO.UHT 

Bee oeTaJihHhie BMecTe B3HThle. CaHTop11ye np11MeH11JI TepMoeKorr fepoHa 

.UJIH 113MepeHl1H TeMrrepaTyphl 60JihHhlX, T. e . rrepBhlH KJil1Hl1'leeKl1H TepMO

MeTp (1630). 

PaJ.ueneHne HayK o )l(l:fBOM 11 He)Kl:fBOM rrpOH30lllJIO OTHOeUTeJihHO He

.uaBHO. TepM11H «611onornsi» 6hrn rrpe.llJIO)l(eH Beero 200 e He6oJihlllHM JieT Ha-

3a.U [ 6), B 1802 r., (611onornH 6hrna BhI.UeneHa H3 o6Il(e.ì1 HayK11 o np11po.ue -

<l>H3HK11) He3aB11e11MO 11 npaKTH'leeKl1 O.UHOBpeMeHHO JKauoM b3TUCTOM Jla
M3pKOM 11 HeMueM roTcj>pH.UOM PeìiHXOJJb}lOM TpeBnpauycoM (1776-1837). 

3aMeT11M, 'ITO o6a 0H11 nonyqHJIH o6pa3oBaHl:fe B 06nacT11 6uorrorm1 11 Me.u11-

Ul1Hhl. Y'laeT11e <PH3HKH e ee MOlllHhlM11 H rny6oKo pa3pa6ornHHhIM11 Teope

TH'leeK11M11, 3KenepHMeHTaJihHhlMl:f H MeTO.UOJIOrl:f'leeKl1MH rro.uxo.uaMU B pe

lIJeHl111 <i>YH.UaMeHTaJihHhlX rrpo611eM eeTeeTB03HaHHH HeoerropHMO, O.UHaKO 

ene.uyeT rrpn3HaTh, 'ITO B 11eTopuqeCKOM aeneKTe cjJH3HKH B 60JJhlllOM .UOJI

ry nepe.u Me.UHKaMl1, HBJIHBIIIHMUeH o6pa30BaHHettlIJHMH JIIO.UhMH esoero Bpe-
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Mem1, qeì1 BKJJa)l B C03)laH11e cpyHAaMeHTaJJhHhlX OCHOB KJJacc11qecKOH cp11311-

Kl1 BOl1CTl1HY HeoueHl1M . 

0A11H 113 OCHOBaTeJJeH cospeMeHHOH X11Ml111 cppaHJJY3 AHTyaH JlopaH 

JlaBya3be (1743- 1794) BMeCTe CO CB011M COOTeqecTBeHHl1KOM acrpOHOMOM, Ma

TeMaTl1KOM 11 cp11311KOM IlbepoM CuMOHOM JlanJJacoM (1749-1827) 3att11MaJJC5! 

KaJJOp11Merp11eì1, pa3AeJJOM 611ocpH311Kl1, KOTOpblH ceì1qac Ha3BaJJH 6hr 611ocp11311-

qecKOH TepMO)ll1HaMl1KOH . Jlasya3he np11MeHl1JJ KOJJJ1qeCTBeHHble MeTO)lhl, 3aHl1-

MMCh TepMox11M11eì1, npoueccaM11 0K11cnett115! (ropeH11}1) . OcHOBhIBMCh Ha 3KC

nep11MeHTax, BhinOJJHeHHhIX COBMeCTHO e JianJJaCOM (KOpM11J111 MhIUJeH caxapOM 

11J111 C)l(J1faJJl1 ero, TIOKa3bIBa51 paBeHCTBO TeTIJJOBhI)leJJeH1151), Jlasya3he o60CHO

Bb!BaJJ npeACTaBJJeHl151 o TOM, qTO He CYUJeCTBYeT AByx X11Ml1H - <OKl1BOH» 11 

«He)l(l1BOH» - )lJ151 HeopraH11qeCKl1X 11 opraH11qecKl1X TeJJ. 

K q11cny 0en11K11x HaUJ11x npeAUJecTBeHHl1KOB, 3aJJO)l(HBUJl1X OCHOBhI yqe

Hl1» 06 3JJeKrp11qecTBe, B TOM q11cne 61103JJeKrp11qecTBe, CJJe)lyeT, 6e3yCJJOBHO, 

OTHeCTl111TaJJh51HCKOf0 attaTOMa JlyHJl'ICH raJJbB3HH (1737- 1798), a TaK)l(e ero 

cooTeqecrneHHl1Ka, cp11311Ka AneccaHAPO BOJibTa ( 1745- 1827). 
B CB»311 e 3aMeqaTeJJhHhIM11 pa60TaM11 faJJbBaH11 no «)1(11BOTHOMY 3neK

rp11qecTBY» HeJJb351 He BCTIOMHl1Th 11 11M51 113BeCTHeì1UJero cpeAHeBeKOBoro 

spaqa - cp11311onora a0crp11ì1ua cJ>pu.r.puxa AHTOHa MecMepa (1733- 1815), 
pa3Bl1BaBUJero npeACTaBJJeHl151 o ueJJHTeJJbHOM (()1(11BOTHOM MarHeTl13Me», no

cpe)lCTBOM KOTOporo, no ero npeATIOJJO)l(eHl1!0, MO)l(HO 6blJJO 113MeH51Tb co

CT051Hl1e opraHl13Ma, neq11Tb 6one3Hl1. Cnpa0e)lJ1110ocT11 pa)l11 cneAyeT OTMe

Tl1Th, qTO 11 ceì1qac 3 cpcpeKTbl B03)leHCTBl151 3JJeKTp11qecKl1X MarHl1THhlX 11 3JJeK

rpoMarHl1THhIX noneì1 Ha )1(11BbJe CHCTeMbl BO MHOfOM OCTaJOTC51 TaHHOH )lJJ51 

cpyttAaMeHTaJJbHOH ttayK11. Tipo6neMbl OCTaJJHCb, 11 He yracaeT 11HTepec COBpe

MeHHhIX cp11311KOB 11 3KOJJOroB K 113yqett1110 B03)leHCTBl151 BHeUJHl1X cp11311qeCKl1X 

cpaKTopos Ha 611onor11qecK11e c11cTeMbJ. 

JKau JiaTHCT /K. <l>ypbe ( 1768- 1830) B 1822 r . B CBOeM Tpy)le «AHan11-

T11qecKa5I Teop115! Tenna» npeAJJO)l(l1JJ MaTeMaT11qecKoe on11caH11e pacnpocTpa

HeH11» TennoThI Bttyrp11 TBepAoro Tena, 11n11 3aKOH TennonpoBOAHOCT11, rna c5!

m11ì1, LITO TIOTOK TeTIJJOTbl nponOpU110HaJJeH rpa)l11eHry TeMnepaTypb!. Ilo cym, 

3aKOH <Dyphe CTaJJ nepBbIM on11caH11eM Heo6paTl1MbIX npoueccos, CTOJJb xa

p aKTepHbIX )lJ151 OTKpb!TblX 6110- 11 3KOCl1CTeM. 

AJie KC3HAP cJ>pu.r.pux BHJibreJibM ryM60JibAT (1769- 1859), Kpyirneì1-

UJl1H H e MelJKl1H yqeHhIH, 3aJJO)l(l1JJ OCHOBbl HOBOH HayK11 - 611oreorpaqm11 

(rnaBHblM o6pa30M reorpacp1111 pacTeH11ì1), r)le BhI)leJJl1Jl 19 OCHOBHh!X )1(113-

HeHHb!X cpopM pacTeHl1H, OCHOBHbie rpynnhl paCT11TeJJbHbIX JJaH)lUJacpTOB, yc

TaHOBl1JJ 3aKOHOMepHOCTl1 0epT11KaJJbHOH paCTl1TeJJhHOH 30HaJJhHOCTl1 B ropax 

11 rop1130HTaJJbHh!X paCTHTeJJbHh!X 30H Ha paBHl1Hax. fyM60JJb)lT TIO)lp06Ho 

113yq11n OC HOBHbJe KJ111MaTbl cesepHoro nonyUJap115! 11 COCTaBl1Jl KapTy 1130TepM 

nonyruap115! . fyM60JJb)lT BHec 60JJbUJOH BKJJa)l B reocp11311Ky, ByJJKaHOJJOrHIO, 

rnAporpa cpmo. 
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Kapn «l>pauueBH'I Pynhe ( 1814- 1858), npocpeccop MocKoBcKoro y1rn

aepcHTeTa, OCHOBaTeJib nepBOM Ha)"-IHOM 3KOJIOrH'IeCKOM llIKOJ!hl. B CBOHX 

MHOrol.fHCJieHHh!X CTaTbllX, Ha)"-!Hh!X rpyJJ.aX H )J,alKe nonyJillpHblX 113)),aHlli!X OH 

nOCTOllHHO nO)J,l.fepKHBaeT Heo6XOJJ.HMOCTh H3yl.feHHll lKHBOTHhlX B CBll311 e yc

JIOBHllMH HX o6HTaHlli! . 

repMaH JllO,llBHr reJihMroJihU (1821 - 1894 ), HeMeUKHM yl.feHhIH, l.fJieH

KOppecnOHJJ.eHT IIerep6yprcKoi1 AH, aBrop <PYHJJ.aMeHTaJihHhIX rpyJJ.oB no clJH-

311Ke, 6HoclJH311Ke, clJH3110Jior1111, nc11xoJiorn11 . Bnepab1e MareMaTHl.feCKH o6oc

HoaaJI 3aKOH coxpaHeHHll 3HeprH11 11 noKa3aJI ero 0ceo6ll111ì1 xapaKTep. I1Me1rno 

leJihMroJihU anepBhie B pa6ore «I1ccJieJJ.0BaH11e cKopocr11 pacnpocrpaHeH11ll 

B036ylK)J,eHHll B Hepaax» 3aH5!JICll H3)"-leHHeM 6110JIOrHl.feCKHX OJJ.HOMepHblX aa

TOBOJIHOBhIX CHCTeM. 3ra pa6ora llBHJiaCb caoero poJJ.a OTKphITHeM, TaK KaK JJ.O 

noro a Hayl.fHoì1 cpeJJ.e 6hrno pacrrpocrpaHeHo MHeH11e HhIOTOHa o TOM, l.fTO 

CKOpOCTh pacrrpocTpaHeHHll HepBHOro HMITYJibCa 6ecKoHel.fHO BeJI11Ka. !eJihM

roJihU JJ.OKa3aJI o6paTHOe, 113MepHB CKOpOCTh HMITYJibCa: JJ.Jlll ceJJ,aJIHIUHOro 

Hepaa JillryllIKH OHa OKa3aJiaCb paBHOH 25- 30 Mi e. MareMaTH'IeCKall MOJJ,eJih 

3TOro npouecca B cepeJJ.11He XX B. 6brna rrpeJJ.JIOlKeHa A. XoJJ.lKKHHhIM 11 A. XaK

c1111, HCCJieJJ,OBaBUIHMH rHraHTCKHH aKCOH KaJihMapa JJ.HaMerpoM l MM (MHOro

KpaTHO npeBOCXOJJ.ll JJ,HaMerp HepBHhIX BOJIOKOtf Ha3eMHhIX lKHBOTHh!X, OH HJJ,e-

3JlhHO ITOJJ.XOJJ.1111 JJ.Jlll HCCJieJJ,OBaHHH). . 

}hw6 Monemorr (1822- 1893) - HeMeUKHH clJ113HOJior 11 cp1111ococp. Pe-

3YJihTaThI ero pa6or, paBHO KaK 11 pa6or ero MHOrQ'IHCJieHHhIX )"ieHHKOB, 

60JlhllleIO l.faCThIO H3JIOlKeHhl B Ha'laTOM HM B 1855 r. HCCJie)J,OBaHHH o JJ.bIXa

HHH 11 JJ.hIXaTeJihHh!X opraHax, 06 H3MeHeHlli!X BellleCTB B opraHH3Me 11 T. JJ.. 

Co'IHHeHHll Mo11ewoTTa rroJih30BaJIHCh 6oJihlllOÌ1 rrony11llpHOCThIO B Pocc1111 B 

1860-x rr. CaMhIM 3Ha'111TeJ1hHhIM JJ.OCTHlKeH11eM Mo11ernlllora llBJilleTcll BhI

cKa3aHHall HM B 1852 r . HJJ.ell 6HOTHl.feCKOro Kpyroaopora BellleCTB. 

Py.llOJih<j> Knay3uyc (1822- 1888) B 1865 r . ccpopMy1111poaa11 .n:se nochlJIKH 

TepMOJJ.HHaM11K11: 3Heprllil Bce11eHHOM nocTOllHHa H ee 3HTponHll crpeMHTCll K 

MaKCHMYMY. T aKHM o6pa30M, 6hrno JJ.OKa3aHo, l.fTO npouecChI Moryr 6hITh Heo6-

paTHMbI BO speMeHH, XOTll B npeJJ.CTaBJieHHllX KJiaCCH'leCKOH JJ.HHaMHKH, TeOpHH 

OTHOCHTeJibHOCTH H KBaHTOBOM TeOpHH, JJ.HHaMH'leCKHe npoueCChl Moryr 6bITb 

o6paTHMbl, 11 OJJ.HOHanpasJieHHOro JJ.BHlKeHllil BpeMeHH JJ.Jlll HHX He cymecrnyeT. 

YHJIMIM ToMCOH (1824-1907) (e 1892 r . 3a tta)"-!Hhie 3ac11yr11 - 6apoH 

KeJihBHn) , aaTop MHOrol.f11c11eHHbIX rpYJJ.OB no repMOJJ.HHaM11Ke, reop1111 3J1eK

Tp11qeCTBa 11 MarHHTHbIX llBJieHHH H JJ.p ., a6coJIIOTHOM lllKaJlbl TeMrrepaT)'p, )J,aJI 

CBOIO cpopMyJIHpOBKY BToporo Hal.faJia TepMOJJ.HHaMHKH. B rrpecTHlKHettllJeH 

3HUHK11one)J,1111 Dictionary of Scientifìc Biography o HeM cKa3aHo: «HapllJJ.Y e 

!eJibMrQJlhUeM B fepMaHHH OH Cb1rpa11 rnaBHeì1wy10 pOJih ... B C03JJ.aHHl1 ... <PH-

3HKl1 KaK HayKH B TOM BHJJ.e, B KaKOM OHa 6brna 113BeCTHa B 1900 r .» . 

B CBll3H e 3THM Heo6xOJJ.HMO ynoMllHYTh o reH11aJibHOM npo3peHHH Jlro.ll
Bura bOJihUM3Ha ( 1844- 1906), o60CHOBaBWHM pa3Jll1l.fHe MelKJJ.Y o6paTHMbI-



1.3. Bex1-11-1 HanpasneH"1H 35 

MH 11 Heo6paT11MbJMH npoueccaM11 6naro.n;apl! sse.n;eH1110 nOHl!THll :rnrpomm 

11ntt «cTpenhI speMeH11» (rrocne.n;H11ì1 TepMHH no3:>Ke 6hrn BhI)J;BttHyr A. 3M11Hr

TOHOM il 11. P. Tip11ro:>KHHhIM) . bOJihUMaH .n;an CTaTl1CTl1'!CCKOe onpe.n;eneH11e 

3HTpOOHl1 B 1872 r. KaK Mepbl tteynopl!)J;OLJCHHOCTll Cl1CTCMhI. TI03:>Ke 3TO Bbl

JIHJIOCb B nOHHMaH11e 3HTpOIIH11 KaK Mepbr HCXBaTKl1 11HcpOpMaU11H o COCTOJl

HHl1 Cl1CTCMbl. 

B KOHTCKCTe .n;aHHOH KHl1rl1 oco6oro BHl1MaHl1ll 3acny:>K11saeT BbI)J;Bl1Hyra l! 

AJIMJ>pe.n;oM JlornpoM BereuepoM ( 1880-1930), HeMeUK11M reocp113HKOM, 

Teopttll KOHTl1HCHTaJibHOro .n;peì1cpa. OcHOBHall 11.n;el! 3aKJIIOLJaJiaCb B cne.n;y!O

LUCM: B .n;aneKOM npOillJIOM sce KOHTl1HCHTbl Ha 3eMne 6bIJil1 LJaCTblO orpOMHO

ro MaTepttKa, KOTOpbIH OH Ha3BaJI TiaHreeì1, a «cero.n;HlllllHl111» MaTep11KH OTKO

JIOJlllCb OT ttero 200 MJIH neT Ha3a.n; 11 npo.n;on:>Ka!OT «nJihITb» no nosepxHocT11 

ll.n;pa 3eMJil1. B HaCTOl!LUee speMl! 3Ta TeOpHll JIC:>KHT B OCHOBe HayKH o 3eMJie, 

o.n;HaKo B TeLJeH11e 50 neT yLJeHbIH M11p Ha3bIBan ee He 11HaLJe, KaK Henenoì1, ap

xattLJHOH 11 .n;a:>Ke orracHOH. CTOJih HeraTl1BHa51 OUCHKa 6hrna CB513aHa B OCHOB

HOM e )J;BYMll o6CTOl!TeJibCTBaMH: BO-rrepBblX, ee CBJ13bl0 e Teop11eì1 KaTaCTpO

QJH3Ma (reoJIOrHLJCCKal! KOHUCOU11ll, Bbl)J;Bl1HYTall B 1812 r. )l{. K!OBbe, cornaCHO 

KOTopoH. B l1CTOp1111 3eMJil1 rrep110)J;HLJCCKH noBTOpl!IOTCll co6b!THll, 113MeH5IIO

LUHe roptt30HTaJibHoe 3aneraH11e ropHbIX rropo.n;, penbecp, cpnopy 11 cpayHy), a 

BO-BTOpbrx, TeM o6cTOl!TeJibCTBOM, LJTO BereHep - acTpOHOM 11 MeTeoponor -

BOCIIp11HHMaJICll reonoraM11 11 6ttonoraM11 KaK 1.Jy:>KaK. Tio.n;o6Ho )J;aps11tty, OH 

06be.n;11HHJI 11 pa3BHJI .n;ora.n;K11 6oJiee paHHHX asrnpos. Hanp11Mep, <l>peHc11c 

0 3KOH nepBblM OTMeTHJI cosrra.n;eHHe KOHTHHeHTaJibHhlX KOHTypOB IO:>KHOH 

AMepttKH H Acpp11K11 s csoeM seJIHKOM Tpy.n;e «HosbrH OpraHOH» (1620), a 06-

IJ.\YIO H)J;CJO KOHTHHCHTaJibHOro .n;peì1cpa Bb!CKa3aJI ronnaH)J;CKHH Kaprnrpacp A6-

p a xaM OpTen11yc (1596), II03:>Ke X. Y 3TTCTaHH (1880) rronaran, 1.JTO oKeaHhJ -

TO yrottyslll11e MaTepttKH. B pe3yTihTaTe pa6oT Berettepa II051Bttnacb sceo6b

CMJIIOLUal! UCJibHal! TeopHll , HMCIOIUal! Herrocpe.n;CTBeHHOe OTHOillCHHe K rrpo

HCXO:>K,[(CHl1JO 11 3BOJIJOUl111 Bll,[(OB. 

rperop HoraHH MeH.n;eJJh (1822-1884), 6nonor 11 6oTaHl1K, CbrrpaBII111H 

orpOMHyIO pOJib B pa3Bl1TllH npe,ncTaBJICHHH o Hacne,nCTBCHHOCTH. 3aKOHbl 

M eH.n;e11J1 11e:>KaT B octtosaHHl1 cospeMeHHOH reHeTHKH. B 184 7 r . cTaJI CBll

IUCHHHKOM . CaMOCT05ITCJihHO tt3yqan MHO:>KeCTBO HayK. B 1854 r. MeH.n;eJih rro-

11yLI1111 MCCTO 11peno.n;asaTCJI5I cptt3HKH H ecTeCTBeHHOH HCTOpHH B 8hJCilleH pe

UJl bHOH IllKOJie B .6p10HHe, tte 6y.nyqtt .n;n11noMnposaHHhIM cneuna11ttcToM . Eme 
UlC nonh!TKH c.n;aTb 3K3aMeH 110 6HOJIOrHH B 1856 r. OKOH'll1JIHCb npoBaJIOM, H 

M eH.n;e11b ocTaBaJICll no-11pe:>KHeMy MOHaxoM, a no3:>Ke - a66aTOM AsrycT11H

C:KOro MOHaCTbipll . 

8.n;OXHOBHBillHCb 113YLJeHHCM H3MCHCHHH 11pH3HaKOB pacTeHl1H , e 1856 110 

1863 rr. 11poBeJI B MOHaCTbipCKOM ca.ny cep1110 011bITOB Ha ropoxe, B pe3yJibTaTe 

'lèro ccpopMy1111posa11 3aKOHhI, o6b5ICHl!JOIUHe MexaHtt3M Hac11e.nosaHHJ1 - «3a

kOIIbI Mett.n;enll» (OnhrThI Ha,n pacTttTeJibHbIMH rn6pn,naMH, 1910). Ho pa6orn He 
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Bhl3Bana MHTepeca y cospeMeHHMKOB. Bnocne.ucTs1111 MeH.uenh npe.unp11HHn pHJJ. 
nonhITOK no.urnep.u11Tb :no OTKphITMe Ha .upyr11x 611onornqecK11x s11.uax (HcTPe-
611HKe 11 nqenax). Ho BBMJJ.Y Hel13BeCTHbIX oco6eHHOCTeH B TO speMH MexaHl13-
MOB onno.uornopeHMH peJynhTaThl., nonY'leHHhre Ha ropoxe, He 110.uTsep.u11n11cb. 
B peJynhTaTe sen11K11if Y'leHhIH paJysep11ncH B csoeM OTKphITHH 11 JaKOH'lMn 
)l(J13Hh HaCTOHTeneM MOHaCTbipH. TonhKO B Ha'lane XX B. e paJB11T11eM npe..ucTaB
neH11H o reHax 6hrna OCOJHaHa BCH Ba)l(HOCTb «3aKOHOB MeH.uenH». 

AsrycT BeiicMau ( 1834-1914), HeMeUKHH Joonor 11 TeopeT11K 3sonIOu110H
Horo Y4eH11H. OTcTa11san MexaH11cT111JecKoe noH11MaH11e )1(11JHeHHhIX HBneHMH 11 
OTBepran naMapK113M, a e KOHUa 1860-x rr. nepernen B OCHOBHOM K TeopeT111Je
CKl1M 11ccne.uosaHl1HM, fiOCBHll(eHHblM Jall(11Te, 06ocHOBaH11IO 11 pa3Bl1Tl1l0 Y'!e
HHH ll. ,[{aps11tta - Heo.uaps11HMJMa. BeifcMaH - asrnp Teop11ii Hacne.ucTseH
HOCTM 11 11HJJ.11Bl1JJ.yanbHOro pa3B11Tl1H, HesepHblX B .ueTanHx, HO B np11HU11ne 
npe.UBOCXl1Tl1BWl1X cospeMeHHhie npe.ucTasneHMH o ,lJ.11CKpeTHOCTl1 HOCHTeneif 
Hacne.ucTBeHHOH 1rnct>opMau1111 11 MX CBH311 e xpOMOCOMaMM, a TaK)l(e KOHI..1enu1111 
o pon11 Hacne,lJ.CTBeHHbIX Ja,,lJ.aTKOB B 11H,lJ.11B11.UyanbHOM pa3Bl1Tl111. 

Jlyu flacrep (1822- 1895), senwrnifw11if ci>paHUYJCKMH Ml1Kp0611onor 11 
6110Xl1Ml1K, Y'leHb!H e qpe3Bbl1JaHHO w11pOKl1M KpyroM 11HTepecos, 3afl0)1(11fl 
<i>YHJJ.aMeHT 6110Texttonor1111. HMeHHO OH .JJ.OKaJan, 'lTO MHOro'l11cneHHb1e 6one3-
Hl1 Bbl3b!BaIOTCH M11KpOOpraHl13MaMl1, C03,lJ.an nepBbie BaKU11Hbl, pa3pa6oTan Me
TO,lJ.11Kl1 coxpaHeHHH s11tta 11 n11sa, nacTep113au1111, Texttonor1111 wenKosoii npo
MhlwneHHOCTH so <l>paHu1111 11 ..upyr11x CTPaHax, Bhrnontt11n n110HepcK11e pa60ThI 
B 06nacT11 cTepeox11M1111. Cei!qac cnycrn cToneT11e nocne KOH'lMHhI IlaCTepa 
CTano fiOHHTHO, 'lTO pa3Bl1Thle HM npe.ucTaBneHHH o CHMMeTPMH 11 HeCMMMeTPMH 
Ha MoneKynHpHOM yposHe CBH3aHbl e ci>YHJJ.aMeHTanbHbIMH npo6neMaMH npo11c
XO)l(,lJ.eHHH )1(113HH, CTPYKTYPhI 11 4>YHKUHOH11posatt11H 6110MoneKyn, crnpeHHH op
raHHJMOB - Ba)l(Heiiw11M11 npo6neMaM11 cospeMeHHOH 611onor1111. 

IleTep6yprcK11tt aKa.ueM11K KapJI 3pucT l>3p (1792- 1876), ecTecrno11cnh1-
TaTenh, OJJ.MH 113 yqpe.u11Teneii PyccKoro reorpa4>11qecKoro o6mecrna, ocHosa
Tenh 3M6p11onorn11 (ycTaHOBHn CXO,lJ.CTBO Me)l(JJ.Y 3M6p110HaMH Bb!CWHX 11 Hl13-
llil1X )!(11BOTHbIX 11 nocne.uosaTenbHOe fiOHBneH11e B 3M6p11oreHeJe npH3HaKOB 
T11na, Knacca, OTPHJJ.a 11 T . .u.). KpoMe Toro, 11JsecTeH KaK asTop JaKoHa JapOJJ.hI
llJesoro CXO,lJ.CTBa 11 aBTOp OCHOB cospeMeHHOH Teop1111 ,lJ.HHaMHKH nonynHUHH 
pb16: OH cct>opMHposan npe.ucrnsneHHH o 6anaHce Me)l()ly pa3MHO)l(eH11eM 11 
CMepTHOCTbfO pblfr B JaBl1Cl1MOCTl1 OT Hafll11JHH KOpMa. C 1851 f . Ha'lMHaeTCH 
pHJJ. nyTewecTBMH E3pa no Pocc1111, npe.unp11HHThIX e npaKT111JecK11M11 uenHMH 11 
BOBJleKllIHX J;3pa, KpOMe reorpact>111JeCKHX 11 3THOrpaci>H'leCKHX 11ccne..uosaHHH, 
B o6nacTb np11Kna.UHOH Joonor1111. Ero «Kacn11iicKHe 11ccne.uosaH11H» s BOChMM 
qacrnx secbMa 6oraTbI HaY4HhIMl1 peJynhTaTaMH. OH cct>opMyn11posan JaKOH 
J;3pa ( 1857) - npas11no, cornacHo KOTopoMy B cesepttoM nonylliap1111 peK11, Te
Kym11e B nI06oM HanpasneHHH, nO.JJ.MbIBaFOT npaBhIH 6eper (s IO)l(HOM nonyrna
pHH - neBb!H), 'lTO o6bHCH.lleTCH COBMeCTHblM ..ueHCTBHeM KOp11onHCOBOH Cl1flbl 
11 c11nh1 TPeHHH, BhIJhIBaIOll(HMH nepeHoc semecTsa Me)l(.uy 6eperaM11. 
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Henh3H o6oì1TH BHHMaHHeM .nsyx reHHes cpH3HKH: AJih6epTa 3nHIUTenua 

( 1879- 1955), npocnaBHBlllerocH pa60TaMH B o6naCTH TeOpHH OTHOCHTenhHO

CTH, aBTopa OCHOBOnonaralOUlHX T}J)'.nOB no KBaHTOBOH TeOpHH CBeTa, H .naTCKO

ro Y"eHoro HnJibca Xen.npnKa ,r:J:aBnJJ,a J>opa (1885-1962), co1.naTenH TeopHH 

aTOMa Ha OCHOBe nnaHeTapHOH MO.[lenH H KBaHTOBhlX npe.nCTasneHHH. 

06a cephe3HetllllHM o6pa30M HHTepecosanHCh npo6neMOH <OKHBOfO» H 

COOTHOllleHHeM 3aKOHOB )J(HBOH H He)J(HBOH npHpO.l\hl. 3ì1Hll1Teì1H B KOHUe 

)J(H3HH rosopHn, ''ITO XOTen 6hI 3aHHMaThCH 6Honorneì1, H6o B HeH: MO)J(HO 3a

.naTh Bonpoc ((3aqeM?», Tor.na KaK B cpH3HKe - Henh3H. bHOnomqeCKHe CHCTe

Mhl HMelOT cymecTBeHHYIO H npHHUHTIHallhHYIO npe.[lhICTOpH!O, ccpopMHpo

BaBlllYIO «uenh» .nn» HH.l\HBH.llY)'Ma, BH.na, 6HoueHma. HHnhc Eop TaK)J(e yT

sep)J(.nan, qTo «HH O.l\HH pe1ynhTaT 6nonorHqecKoro nccne.nosaHHH He MO)J(eT 

6b!Th 0.[lH03HaqHo OTIHCaH HHaqe, qeM Ha OCHOBe nOHHTHH cpH3HKH H XHMHH». 

3To 03Haqano, qTo 6nonorHH, Me.[lHUHHa, MaTeMaTHKa, XHMHH H cpH3HKa BHOBh 

nocne noqTH nonYTopaBeKOBOro pa3Me)J(eBaHHH CTanH c6nH)J(aThCH, B pe3ynh

TaTe qero nOHBHilHCb TaKHe HOBhie HHTerpanhHhie HayKH, KaK 6HOXHMHH, cpH-

3HKO-XHMHH, 6HOcpH3HKa. 

QqeHh Ba)J(HOe MeCTO B HayKe 3aHHMalOT OTKphlTHll B o6nacTH pa.nnoaK

THBHhIX H3IlY"eHHH. 3KcnepHMeHThl H 11ccne.nosaHHH e 11cnOilh30BaH11eM peHT

reHOBCKMX nY"eì1, npose.neHHhie BnJihreJJbMOM KoupaJJ.OM PeuTreuoM 

(PeHTreHoM) (1845- 1923), HeMeuK11M cp11311KOM H nepBhIM naypeaTOM Ho6e

nescKoì1 npeMHH no cpH311Ke, nOMOrnl1 nony4HTh HOBh!e CBe.[leHHH o CTpoeHl111 

oeL11eCTBa, KOTOph!e BMeCTe e .npyr11M11 OTKph!T11HM11 Toro speMeHl1 3acTaB11n11 

11epecM0TpeTh ueJihIH p».n nono)J(ett11H: Knacc114ecKoì1 cpH311KH. A 11MH o.nHoro 

1113 nepsoOTKphIBaTeneH: pa.nHoaKT11BHOCTH - AnTyana Anpn l>eKKepem1 

( 1852-1908), cppaHUY3CKOro <l>H3HKa, BHeceHo B cn11COK BeJIH4aHllll1X Y"eHhIX 

<DpaHU11H, noMemeHHhIH Ha nepsoM :na)J(e 3H:cpenesoì1 6alllHl1. 

Henh3H 06oì1T11 BHHMaH11eM sen11Ky10 cynp~ecKylO napy - Mapmo 

KJIO.[lOBCKylO-KIOpn ( 1867-1934 ), 113Becrnoro cp11311Ka H XHM11Ka TIOJihCKOro 

11poHCXO)J(.[leHHH, .nsa)J(.[lhI naypearn Ho6eJieBCKoì1 npeM11H no <PmHKe 11 x11-

MHH, 11 Ilbepa Kwpn (1859-1906), qipaHUY3CKoro <Ptt3HKa H naypearn Ho6e

ncocKoì1 npeMl111 no <P11311Ke, OTKph!BlllMX 3neMeHThl pa.n11H: 11 nonoHHH. 

PyccKaH. utKOJta 2e11emuKu cJ1ae11a M1102UMu eenuKUMU uMeNaMu. 

HnKOJiau KoncTaHTHHOBH'I KoJJbUOB (1872- 1940) 6brn BhI.[lalOU(l1MCH 

ycc KHM Y"eHhIM. ITo.n PYKOBO.l\CTBOM M. A. MeH3611pa OH nposen rny6oKHe 

ccne.nosaHl1H no cpasmnenhHOH aHaTOMHl1 XOp.l\OBhIX, 0.[lHOBpeMeHHO pa3-

l1llJJJ]l!H o pon11 110HOB B KneTKe 11 MexaHH3MaX onpe.nenHIOU(HX cpopMy KneTKl1 . 

1917 r. JJ.]]H Konhuosa 6brn cm.naH 11HCTHTyT 3KcnepHMeHTanhHOÌ1 611onornH Ha 

!/lCTBa ne.neHUOBCKOro HaY"HOrO coo6mecrna. l1 HaKOHeU, B 1927 r. OH ony6-

KOOan csoe s11.neH11e 6onee 30 neT ~e MY"l1Bllleì1 HaY"HOe coo6mecrno npo

C:MbI nepe.naq11 reHeT11qecK11x npH3HaKOB. KonhUOB 6hm O.l\Hl1M 113 ocHOBaTeneH: 
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reHernKH s PoccHH H nepBbIM pa3pa6oTaJJ rttnoTe3y MOJJe1<ym1pHoro crpoemrn H 

MarpHqHOH penpO)J;}'KUHH XpOMOCOM («HacJJe)J;cTBeHHbie MOJJeKYJ!bI»), npe)J;BOC

Xl1THBlllYIO rnaBHeHlllHe npHHUHnHaJJbHbie nOJJO)l(emrn cospeMeHHOH MOJJeKY

llilpHOH 6Honorn11 11 reHeTHKH (1928). OH yrnep)l()J;an, qTo npH3HaK11, nepe,1J;a0ae

Mb1e no HaCJJe)J;CTBy, onpe)J;elli!IOTCH JJHHeHHb!M pacnOJJO)l(eHHeM MOHOMepoB B 

nOJJHMepHblX MOJJeKYJiaX, pa3MHO)l(a!Oll(l1XCH no npHueny MaTp11Q. 

3ra H)J;eH TaK 6h1 11 6hrna 3a6h1Ta, ecn11 6bI He yqeHHK KoJJbUOBa HuKoJiaii 
BJia)J;HMHpOBH'I TuMo<(>ees-PecoscKuii (1900-1981) (msecTHhIH Hhrne KaK 

3y6p no poMaHy )J,aHHHJJa fpaHHHa), KOTOpblH BMeCTe e q>H3HKOM- TeOpeTHKOM 

MaKCOM )l,eJib6pIOKOM s fepMaHHH He HaqaJJ 3KcnepttMeHTaJJhHbie Hccne,1J;osa

HHH H)J;eH KoJJbUOBa - onpe)J;eJJeHtte qacroThI MyrauHì1 y ,1J;po3o<t>HJJ B 3aBHCHMO

CTH OT pa)J;HO,aKTl1BHOro 113JJyqeHHH. PecOBCKHH BHec <i>YH)J;aMeHTaJJbHblH BKJJa)J; B 

HeCKOJJbKO o6nacTeH cospeMeHHOH 6HOJJOrHH: pa3pa60TaJJ OCHOBHhie noHHTHH H 

06m11e npHHl{HnhI <t>eHoreHeTHKH, ycTaHOBHJJ HepaBHOMepHOCTb B03Hl1KHOBeHHH 

npHMbIX H o6paTHblX Myrau11ì1 11 pa3pa60TaJJ Ha 3TOM npHMepe KOJJHqeCTBeHHb!e 

3aKOHOMepHOCTH ecTecTBeHHoro Myrau110HHOro npouecca. Ilo)]; BJJHHHHeM TH

Mo<t>eesa- PecoscKoro )l,enh6p10K 3aHHTepecosaJICH reHeTHKOH <t>aros. A nocne 

ero 3MHrpau1m B ClllA B acnHpaHrypy K HeMy nocrynHJJ opHHTOJJor )l,ìKeiiMc 
)1,blOH YOTCOH, KOTOpb!H BMeCTe e aHrnHHCKHM 6tto<PH3HKOM H reueTHKOM <l>peu
CHCOM Xappu KoMDTOHOM KpuKoM (1916) H MopucoM YuJIKHHCOM, aHrn11H:

CKHM 6im<PH3HKOM (snepBb!e noJJyql1Bllll1M BblCOKOKaqecrneHHb!e peHITeHO

rpaMMbl )J,HK BMecTe e Po3aJIHH)J; <l>pattKJIHH ), B 1953 r. C03)J;aJJH npocrpaHCT

seHHyIO MO)J;eJJb )J,HK, qTo no3BOJJHJJO o6bHCHHTb ee 6HOJJOrnqecK11e <i>YHKUHH H 

<i>H3HKO-XHMttqeCKHe csoì1cTBa. B 1962 r. YoTCOH, KpHK H YHJJKHHC nonyqHJJH 3a 

3TY pa6ory Ho6eneBCKyIO npeMHIO. KpHK TaK)l(e nptt,1J;ep)l(11BanCH rnnoTe3bl Ha

npasJJeHHOH naucnepMHH. BMecTe e JlecJiu E. OpreJIOM OH npe,1J;nOJJO)l(J1JJ, qTo 

M11KpOOpraHH3Mbl 6hIJJH nepeHeCeHbl B roJJOBHOH qacTH 6ecnHJJOTHOro KOCMHqe

CKOro Kopa6JJH, nocJJaHHOro )J;pyroì1 (KOHeqHO )!(e, BbICOKOpa3BHTOH) U11Bl1Jll13a

U11eì1 H, nonaB B npOTOOKeau, HaqanH pa3MHO)l(aTbCH. 

KpoMe Toro, TttMo<t>ee0-PecoscK11ì1 npttHHJJ yqacTHe B C03)J;aHttH ocHOB 

COBpeMeHHOH pa)J;Hal.(HOHHOH reHeTHKl1 H KOJJH"leCTBeHHOH 6HO<i>H3HKH HOHH-

3HPYIOIQHX mnyqeHHH, c<t>opMyJJHpOBaJJ COBMeCTHO e <Ptt3HKaMJ1 «TeopH!O 

MHllleHm> H <<npHHQHn nona,1J;aHHH». YcTaHOBHJJ BJIHHHHe )J;03hI H3JJyqettHH Ha 

HHTeHCHBHOCTb HCKyCCTBeHHOro MyraUHOHHOro npouecca, o6Hap~HJJ HBJJe

HHe pa)J;HOCTHMYJJHQ11H MaJJh!MH )J;03aMH H ocymecTBHJJ 6Ho<Ptt3HlJeCKHH aHa

JJH3 MyrauHOHHOro npouecca. B nocne)J;HHH nep110,1J; csoero Hayqttoro TBOpYe

CTBa HttKonaif Bna.UHMHposttq nepellleJJ K 6onee rno6aJJbHOH npo6neMe, KOTO

py10 OH o6o3HalJHJJ KaK «Ettoc<t>epbl H qeJJOBelJeCTBO». 

HuKOJiaii HsauoBH'I BasuJioB (1887- 1943), pocc11ìi:cKHH H coseTCKHH 

yqeHbIH:- reHeTHK, 6oraHHK, ceneKu11ouep, reorpa<t>, aKa)J;eMHK AH CCCP, AH 
YCCP H BACXHHJI. Ilpe3H.UeHT (1929-1935), sttue-npe311,1J;eHT ( 1935-1940) 
BACXHI1JI, npe311.ueHT Bceco103HOro reorpa<i>HYecKoro o6mecTBa (1931-1940), 
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OCHOBaTeJib ( 1920) 11 6eccMeHHbIH .uo MOMeHTa apecTa .u11peKTop BceCOI03HO

ro 11HCTl1Tyra pacTeH11eBOL(CTBa ( 1930- 1940), .u11peKTOp 11HCTl1Tyra reHeTl1Kl1 

AH CCCP (1930-1940). Opratt113arnp 11 yqacrn11K 60TaH11Ko-arpottoMli

qecKliX 3KCne.um-111ì1, OXBaTliBWliX 60JibWl1HCTBO KOHTl1HeHTOB (KpOMe AB

CTpaJilili li AttTapKTl1L(bl), B xo.ue KOTOpblX BbllIBJieHbl .upeBHl1e Ol.Jarli cpop

M006pa30BaHli5! KYJJhTYPHhIX pacTett11ì1. C03.uan yqettlie o M11pOBbIX uettTpax 

rrpoliCXO)f(L(eH115! KYJJhTYPHhIX pacTeH11ì1 . 06octtoBan yqett11e 06 11MMYHliTeTe 

pacTeH11ì1 ( cp11T011MMYHliTeTe ), KOTOpoe llOMOraeT 113yl.JaTb 3BOJllOU11!0 cpliT0-

11MMYHliTeTa 11 BhIBO.U11Th copTa cenhcKoxo351ifcTBeHHhIX KYJJhTyp, 6onee yc

TOttl.Jl1Bh1x K tte6narorrp115!THhIM cpaKTopaM BHewtteif cpe.UbJ. Ilo.u pyKOBO

.UCTBOM BaBliJIOBa 6brna co3.uatta Kpyrrtteì1rna5! B M11pe KonneKUli5! ceM5!H 

KYJ1hTypttb1x pacTett11ì1. Bttec cyIL1ecTBeHtth1ì1 BKna.u s pa3pa6oTKy yqettli5! o 

611onor11l.JeCKOM Bl1L(e. 0TKpbIJJ 3aKOH roMonor11l.JeCKl1X p5!L(OB B HacneL(CT

BeHHOH 113MeHl.JliBOCTli opraHl13MOB, KOTOpblH ll03BOJll1JJ CB5!3aTb 5!BJ1ett11e He-

3aBl1Cl1MOro ll05!BJ!eHl15! CXOL(Hb!X rrp113HaKOB B pa3HbIX rpyrrrrax (napanne

JJl13M) e 3aKOHOMepHocrnMli BHyTp11B11.uosoì1 113MeH'll1BOCTl1. IlaneoHTonorli5! 

MHO)f(eCTBeHHbIMli rrp11MepaM11 llOL(TBep.u11na CXO)f(eCTl1 rryTeif 3BOJJIOUl111 B 

pa3HbIX rpyrrrrax, pa3s11BaBw11xc51 rrapannenhHO. 

B cepe.u11tte XX B. coBeTCKlie retteT11K11 HnKonaii IleTposu11 ,IJ.y6nuuu 

( l 907-1998) 11 AneKcau.up Cepreesu11 Cepe6poscKuii (1892-1948) cnaBHO 

11pO.UOJl)f(l1JIH pyccKym reHeTlil.JeCKYIO WKOJJy, ccpopMyn11poBaB rnrroTe3y o .ue

Jl11MOCTH retta. KpoMe Toro, .LJ:y611tt11H BhllIBHJI KOMrrneMeHTapttocTb rena w 

ny6n11K0Ban p5!.U Ba)f(HbIX ttayl.JHbIX pa6oT no crpyKTYPe 11 cpyHKU115!M xpoMo

OM, llOKa3aB Hafllil.Jl1e B rrorryJI5!Uli5!X «reHeT11l.JeCKoro rpy3a» - JieTaJibHbIX H 

cy6neTanhHhIX Myrnu11ì1, a Cepe6poBcK11ì1 BBeJI rroH5!T11e rettocpott.ua rronyn51-

llHH 11 3aJIO)f(HJI OCHOBbl rettoreorpacp11li. 

AsryCT BeiicMau (1834-1914) rronO)f(HJJ Hal.Jano y1111cp11Ka1.11111 retteTliKH 

H ccTeCTBeHttoro oT6opa. Teopli5! BeifcMaHa a6conIOTHO 11CKJ110l.Jana JII06oe 

11acne.u0Batt11e np1106peTeHHhIX xapaKTep11cT11K - 11.ueIO, BOKpyr KOTopoif Be

ll!Cb L(JlHTeJibHbJe .ue6aTbl Me)f(.uy .UBYM5! WKOJiaMli, HeonaMapKHCTaM11 11 Heo

lUPBl1H11CTaMH. Ero aKueHT Ha .upyr11x acrreKTax .uapB11HOBCKOH Teop1111, oco

! llHO rrepB11l.JHOCTli pon11 ecTeCTBeHHOro OT6opa, TaK)f(e Bbl3bIBaJI rop5!'111e 

l!Opbl 11 BL(OXHOBJ15!Jl .upyrwx TeopeTl1KOB rrepecMorpeTb CBOH ll03lil.IJ1li. 

ToMac XanT Moprau ( 1866-1945), rrpe.ucrnBliTeJib Meu.ueneBCKOH lllKO

hl 6b1Jl OL(Hl1M H3 OCHOBaTeneif COBpeMeHHOH retteTl1KJ1. IlepBOHal.JaJlbHO Bbl

)1 110Jl npOTl1B .uapB11Hl13Ma li pon11 xpoMOCOM, HO rrocne .ueTaJibHbIX 3KCrrepw-

C:ll1'0B y6e.u11JIC5!, l.JTO 3BOJIIOUli5! rrp011CXOL(HT B pe3yJibTaTe HaKOITJieHl15! He-

111•"'1TeJibHblX Myrauliif, li rrpHH5!Jl .uapB11Hli3M. 

BOJ!lOI.1110Hl1CTCKlie Teop1111 rrpe.ucTaBJieHbI B HayKe BeCbMa cpyHL(aMeH

lhllO H pa3HOITJiaHOBO. 

4apJib3 ,IJ.apBHH (1809-1882), BbJL(alOIL1HHC5! attrnl1HCKl1H HaTypam1cT 11 

l è lllCCTBeHHl1K, OL(Hl1M 113 rrepBbIX OC03HaJI 11 HarJI5!L(HO rrpo.ueMOHCTp11po-
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40 rnasa 1. CrpyKT)'pa H cPYHK1.1HH 3KonolV1H 

san, 4TO Bee )KHBble opraHH3Mbl 3B011JOU110Hl1PYJOT BO speMeHH OT 06m11x 

npet1KOB. B esodi Teop1111, nepsoe pa3septtyrne 1131IO)KeH11e KOTopoì1 6hl110 

ony61111KOBaHO B 1859 r. B KH11re «Ilpo11eXO)K):leH11e Bl1):10B» (no11Hoe Ha3BaH11e: 

«Ilpo11exo)K)lett11e Bl1JIOB TIYTeM eeTeeTsettttoro oT6opa, 111111 8bJ)Kl1BaH11e 611a

ronpmnernyeMbIX nopo)l B 6opb6e 3a )Kl13Hb»), oeHOBHOH JIBl1)KYIUeH e1111oì1 

38011!01.{1111 ,UapB11H Ha3BaJI ecTeeTBeHHblH OT6op H Heonpe)le11eHHYIO 113MeH4H

BOeTb. CymeeTsosatt11e 3B011JOU1111 6hl110 np113Hatto 6011b11111tteTBOM Y4eHbIX 

eme np11 )KH3HH ,UapBHHa, Tor)la KaK ero Teopm1 eeTeeTsettttoro oT6opa - oe

HOBHOe Il0110)Kett11e 3B011IOU1111 - eTana o6menpH3HaHHOH 1111lllb B 30-x rr. 
xx eT011eTl151. J1):1e11 11 OTKpblTl151 ,Uaps11Ha o6pa3yJOT cpytt)laMeHT eospeMeHHOH 

eHHTeTl14eeKOH TeOpH11 611011orw1eeKOH 3B01llOL\1111, o6oeHOBb!Ba51 11or114eeKoe 

0605leHett11e 611opa3H006pa31151. Iloe11e,l],OBaTe1111 Y4eHl151 ,UapBHHa pa3Bl1BaJOT 

Hanpas11eH11e 3B011JOU110HHOH Mb1e1111, Hoe51mee ero 11M51 (t1apBHHH3M) . Ht1e11 

,Uaps11Ha eosep111111111 nepesopoT B 611011or1111 11 not1roTos111111 no'IBY ):11151 cpop

M11poeaH115I 3Ko11ornH KaK ttayK11. B 1858 r., B pa3rap ttan11eamrn TPYJla «Ilpo

HeXO)K)leHHe Bl1)lOB», q . ,UapB11H IT011Y4H11 rr11ebMO HaTYPa1111eTa AJIMJ>pet1.a 
PacceJia YoJIJieca (1823-1913 ), oeHOBOIT0110)KHl1Ka 300reorpacpHH, B KOTOpOM 

aBTOp He3aBl1eHMO rrpeJIJ]O)Kl111 3BOJIIOU110HHblH MexaHl13M, Il0'{Tl1 Il011HOeTblO 

eosrrat1as11111ì1 e Teop11eì1 ,UapsHHa. KeTaTH, HMeHHO Yo11eee BbleTyn1111 e e)lKOH 

Kp11Tl1KOH 11aMapK113Ma H BBe11 B HayqHblH o6opoT TepMHH «)lapBHHH3M». 

1 11!01151 1858 r. BbI)lep)KKH 113 TPYAOB ,Uaps11Ha H Yo1111eea OTHOe11Te11bHO eeTe

eTBeHHoro OT60pa 6bI1111 BnepBhie rrpet1eTaB11eHhl Ha 4TeH1151X B nHHHeeBeKOM 

o6meerne 11111poKOH rry61111Ke. Ho B HayKe HM51 Yo1111eea oeTa11oeh B Ka4eeTse 

TepM11Ha <<JI11mu1 Yo1111eea», onpe)le1111s111ero ye11osttyJO rpaHHUY Me)K)ly pa)l11-

Ka11bHO OTJIH4aJOIUl1MHe51 aBeTPa11HHeKOH 11 a3HaTeKOH cp11opoì1 H cpayHOH eo

eet1eTByJ01UHX oeTpOBOB EopHeO - EanH 11 Cy11aseeH - noM60Ka. 

AJieKceì1 HnKoJiaesnq Cesepu,os (1866-1936), pyeeK11ì1 611011or, 0CH0-

sono11o)KHl1K 3B011JOUHOHHOH Mopcpo11orm1 )KHBOTHhlX, e03)laTe11h pyeeKcil 

lilK011hI Mopcpo11oros-3B011JOUHOH11cToB. Ero HMetteM Ha3BaH HttcTHTYT 3B011JO

L\110HHOH Mopcpo11orn11 11 3Ko11orn11 )KHBOTHbIX PAH CCCP. OcHOBHhie TPYJlbI 

noeB51IUeHbl yeTaHOB11eHl1!0 3aKOHOMepHOCTeH 38011!01.{1111, npo611eMaM OHTOre

He3a. Ilp11MeH11B cpaBHl1Te11hH0-3M6p11011or11qeeKHH MeTO)l 11ceJie)lOBaHH5I, 

A . H . CeBepuoB eo6paJI uettHhIH cpaKTH4eCKHH MaTep11a11 no HCTOpH'leCKOMY 

pa3Bl1THIO IT03BOHO'IHhIX )Kl1BOTHblX H 060CHOBa11 r11rr0Te3y np011CXO)K):leHH51 

Hl13Illl1X IT03BOH04Hb!X. ,UaJI p51)l TeopeTH'leCKHX 0606mett11ì1: HaH6011ee H3-

seeTHa ero TeOp1151 cpH1103M6pHoreHe3a, cornaCHO KOTOpOH 113MeHeHH51 opra

HOB, npOHCXOJ151IUl1e B 3M6p110Ha1lhHOM pa3BHTHl1, 51B115llOTC51 np11'1HHOH 113-

MeHeHl151 3THX opraHOB y B3pOC11hlX )Kl1BOTHb!X B npouecce 11X 3B011IOU11H. 

Pa3pa6orn11 Teop1110 o 4eTb1pex THnax 3B011JOUHOHHoro npouecea: apoMopcp03, 

HJIHOa)lanTal\1151, ueHoreHe3, 06ma51 t1erettepaUH5I. C4HTa11, 4 TO et1HHCTBeHHoì1 

np114HHOH cp1111oreHeTH'leCKHX 113MeHeHHH 51B1151eTe51 113MeHeH11e cpe):lbl. Ilpet1-

110)KH11 ITOH51THe o MY11bTHcpyHKUHOHa11hHOCTH opraHOB. 
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OCHOBaTeJib (1920) l1 6eccMeHHblll AO MOMeHTa apecTa AttpeKTop BceCOI03HO

ro HHCTHTyra pacTeHHeBOACTBa ( 1930-1940), n11peKTOp l1HCTHT)'Ta reHeTHKH 

AH CCCP (1930- 1940). OpraH1narnp tt riacTHHK 6oTaHHKo-arpoHoMtt

t.iecKttx 3KCileAl11.(11ll, OXBaTHBIIIHX 60JihIIJHHCTBO KOHTHHeHTOB (KpOMe AB

CTpaJIHH l1 AHTapKTHAbl), B xone KOTOpbIX BhrnBJieHbl npeBHHe oqarH <t>op

M006pa30Ba Hml KYJihTYPHhIX pacTeHHif. Co3AaJI yt.iettue o MHpOBhIX u:ettTpax 

npoHCXO)l(AeHHll KYJibTYPHhIX pacTeH11if . 06octtosan yt.ieH11e 06 11MMyHttTeTe 

pacTeHHH ( <PttTOl1MMyH11TeTe ), KOTOpoe IlOMoraeT inyqaTb 3BOJIIOI.(l1!0 <PttTO

HMMYHHTeTa H BhIBOAHTh copTa ceJihCKOX03llHCTBeHHhIX KYJibTyp, 6onee yc

TOttt.iHBhIX K He6naronp11llTHhIM <t>aKTopaM BHewtteif cpeAhI. Tion pyKoso

ACTBOM BaBHJIOBa 6bIJia C03AaHa Kpyntteifwall B M11pe KOJIJieKI.(Hll ceMllH 

KYJihTyptthIX pacTettttif. Bttec cymecTBeHHhiif BKJiaA B pa3pa6oTKY yt.ieHttll o 

6ttonorttt.iecKOM s11ne . 0TKphrn 3aKoH roMonor11qecKHX PllAOB B ttacJieACT

BeHHOif H3MeHt.iHBOCTl1 opraHl13MOB, KOTOpblll Il03B0Jll1Jl CBll3aTb llBJieH11e He-

3aBHCHMOro IlOllBJieHHll CXOAHhIX np113HaKOB B pa3Hb!X rpynnax (napanJie

Jll13M) e 3aKOHOMepHOCTllMH BHyrpttBHAOBOH 113MeHqJ1BOCTH. TiaJieOHTOJIOrHll 

MHO)l(eCTBeHHblMl1 np11MepaM11 IlOATBepnuna CXO)l(eCTH nyreif 3BOJIIOI.(HH B 

pa3HhIX rpynnax, pa3BHBaBIIIHXCll napanJieJibHO. 

B cepen11He XX B. coseTCKHe retteTHKH HuKonaii IleTpOBHlf .LJ,y6uuuu 
(1907- 1998) 11 AJieKcau,np Cepreesuq Cepe6poscKuii (1892-1948) cnaBHO 

npOAOJI)l(HJIH pyccKy!O reHeTHt.ieCKYIO IIIKOJiy, c<t>opMyJittpOBaB rnnoTe3y o ne

JIHMOCTH reHa. KpoMe Toro, ,LJ:yforn11H BhlllBHJI KOMnneMeHTapHOCTh retta 11 

ony6JittKOBaJI pllA Ba)l(HbIX ttayt.iHhIX pa6oT no CTPYKType 11 <i>YHKU:11l!M xpoMo

coM, noKa3aB HaJI11q11e B nonyJillU:Hllx «retteT11qecKoro rpy3a» - JieTaJihHhIX H 

cy6JieTaJihHhIX MYTaU:HH, a Cepe6poscKHH ssen noHllTHe reHo<Pottna nonyJill

U:HH H 3aJIO)l(J1Jl OCHOBbl reHoreorpa<t>HH. 

AsrycT BeiicMau (1834-1914) noJIO)l(HJI Hat.iano y1rn<PttKaU:HH reHeTttKH 

H ecTecTBeHHOro OT6opa. Teopttll BeifcMaHa a6coJIIOTHO 11cKJIJOqana JI106oe 

HaCJieAOBaHHe nptto6peTeHHhlX xapaKTepHCTHK - HAe!O, BOKpyr KOTOpoif Be

JIHCb AJIHTeJibHbie ne6aTbl Me)l(ny ABYMll WKOJiaMH, HeoJiaMapKHCTaMH 11 HeO

napBttHHCTaMH. Ero aKu:eHT Ha npyrttx acneKTax naps11ttoscKoif Teop11tt, oco-

6ettHo nepB11'-IHOCTH pOJIH ecTeCTBeHHOro OT6opa, TaJOKe BhI3bJBaJI ropwme 

crropbl l1 BAOXHOBJillJI npyrHX TeopeTHKOB rrepeCMOTpeTb CBOH Il03Hl.(HH. 

ToMac XauT Moprau (1866-1945), rrpencrnsttTeJib MeHnenescKoif llIKO

JihI 6bIJI OAHHM H3 OCHOBaTeneif COBpeMeHHOH reHeTHKH. TiepBOHat.iaJibHO Bhl

crynaJI npOTHB napBHHH3Ma l1 pOJIH xpoMOCOM, HO IlOCJie neTaJihHhIX 3KCneptt

MeHTOB y6eAHJICll, qTO 3BOJIIOI.(Hll rrpOHCXOAHT B pe3yJihTaTe HaKOITJieHHll He-

3Hat.iHTeJihHhIX Myrau:ttif, H rrpHHllJl napBHHH3M. 

3BOJIIOI.(HOHl1CTCKHe TeOpHH rrpencTaBJieHbl B HayKe BeCbMa <i>YHAaMeH

TaJihHO H pa3HOITJiaHOBO . 

1fapJih3 ,LJ:apBHH (1809-1882), BhIAa!Oll(HHCll aHrJIHHCKl1H HaTypaJIHCT 11 

nyreweCTBeHHl1K, OAHHM 113 rrepBblX OC03HaJI 11 HarJillAHO nponeMOHCTpttpo-
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TeopuR HOMOèeHe3a. Jles CeMeHOBH'I I>epr (1876- 1950), pyccK11ii 11 co
seTCK11ii 3oonor 11 reorpacf>. )J.eì1cTB11TeJibHb1ii qneH AH CCCP, npe311,1:1eHT feo
rpacf>w-1ecKoro o6mecTBa CCCP ( 1940- 1950). 06nacTb HayqHbIX 11HTepecos: 
HXT11onorm1, reorpacf>m1, Teopm1 3BOJIIOU11H. Eepr 113secTeH KaK asTop Hawy
Mesrneii KH11r11 <<flOMOèeHe3, UJIU 3BOJl/Ol,/Ufl Ha OCHOBe 3aKOHOMepHocmeìi» 

( 1922), B KOTOpOH OH pa3Bl1BaJI opHrnHaJibHYIO KOHI.(enu1110 3BOJIIOU1111. Tipe,1:1-
CTaBJieHl1l! Teop1111 HOMoreHe3a o TOM, '-ITO B OCHOBe MYTaUHOHHOro npouecca 
Jie)f(aT onpe,1:1eneHHbie 3aKOHOMepHOCTH, orpaHH'fHBa10m11e B03M0)f(H0e MHO
roo6pa3He, a nocne,1:1cTs11e 6bIJIH pa3BHThI B pa6ornx A. A. J1106umesa H 
C. B. MeiieHa. 

AJieKcauiw AJieKcauiwosuq Jiw6umes ( 1890- 1972), 3HTOMOJior, cne
u11an11cT no OAHOMY H3 CJIO)f(Heiiw11x no,1:1ceMettcTB )f(yKoB-JIHCToe,1:1os ( Chry
somelidae: A/ticinae) 11 3am11Te paCTeH11ii. 1-fasecTeH 6naro,1:1apl! cso11M pa6o
TaM no 06w.11M npo6JieMaM 6HOJIOrl1'-leCKOH Cl1CTeMaTHKl1, Teop1111 3BOJIIOUHH 11 
cf>11nococf>1111. B 1923 r. OH BBeJI npe,QCTaBJieHHe o ecTeCTBeHHOH Cl1CTeMe, 11 
nonaran, '-ITO csoiicTsa opraH113Ma sceueno onpe,1:1em110TCl! ero MeCTOM a 3TOH 
Cl1CTeMe. TipeKpaCHb!H noneMl1CT, J110611mes npOTl1BO):leHCTBOBaJI TOp)f(eCTBY 
H,Qett Jlh1ceHKO 11 ero nocne,1:1osaTeneii, a 4acTHOCT11, HM 6bIJI Han11caH no,1:1po6-
HbIH 11 06rn11pHbIH TPYA «0 MOHOnon11H T. ,[(. Jlb1ceHKO B 611onormrn (H3JJ,aH B 
2005 r.). J1Io611w.es 6brn aKTl1BHb!M CTOpOHHHKOM XOJIH3Ma, paccMaTpHBaIOw,e
ro, COrJiaCHO f11nnOKpaTy, l.feJIOBeKa KaK «M11KpOKOCM B MaKpOKOCMe», T. e. KaK 
yH11sepcaJibHYIO H eJJ,11HyIO qacTb OKpy)f(aIOw,ero M11pa. Co MHOrnM11 noJIO)f(e
Hl1l!Ml1 XOJil13Ma TeCHO CBl!3aHO nOHl!Tl1e CHHepnm. 

Cepreii Bmrroposuq MeiieH ( 1935-1987), reonor, 3BOJIIOU110Hl1CT, na
neo60TaH11K, AOKTOp 611onor114ecK11x H reonoro-MHHepanor114ecK11x HayK. Bh1-
.UBHHYJI npHHU11n xpOHOJIOr11qeCKOH B3al1M03aMeHl!eMOCTl1 npH3HaKOB B CTpa
nirpacf>irn 11 K0Huenu1110 rno6anbHoro cf>noporeHe3a, ocHoBaHHYIO Ha aHan113e 
acero 11cKonaeMoro MaTep11ana no Ha3eMHbIM pacTeHl1l!M. AsTop HaHMeHosa
HHH pl!Aa 60TaH11qecK11x TaKCOHOB. 

3pBHH CHMOHOBH'I I>ay3p ( 1890-193 7), BbI,Ua!OlL{l1HCl! COBeTCKl1H 6110-
nor-TeopeTHK. B 1935 r. nepee3)f(aeT 113 fepMaH11H a CCCP, rJJ,e a 1931 r. opra
HH3yeT- na6opaTop1110 o6w,eii 6HOJIOrHl1 B Dl10JIOrH'feCKOM l1HCT11TyTe 11M. 
K. A. T11M11pl!3esa, a B 1934 r. oT.uen o6w,eii 611onorn11 so BcecoI03HOM HHCT11-
TYTe 3Kcnep11MeHTaJibHOH MeA11U11HbI (Bl13M). B 1937 r. Eay3p 11 ero )f(eHa 
6h!JIH apecTosaHbI 11 11cqe3n11 B fYJIAre. B csoeii rnasHoii KHHre «TeopeT11'fe
CKal! 611onornl!» Eay3p ccf>opMyn11posan np11HUHn ycToiiq11soro HepasHosec11l! 
>KHBb!X CHCTeM Ha OCHOBe 611ocf>11311qeCKl1X acneKTOB HanpasJieHl1l! .UB11)f(eHHl! 

1-1epr1111 B )f(l1BbIX c11cTeMax. KpoMe Toro, Eay3p 3aJIO)f(l1JI ocHOBhI 611onor11qe
CKHX p11TMOB, Hepa3pb!BHO CBl!3aHHb!X e npocrpaHCTl3eHHbIM CTpoeH11eM H 
4>YHKUl1l!Ml1 )f(l1BbIX KJieTOK. 

3Ha'-111MOe MeCTO cpe,l:IH TeopHii 3BOJIIOU1111 3aH11MaeT 3n11reHeT11'-leCKal! 
reopHl! 3BOJIIOU1111 (3T3).0CHOBHb!e noJIO)f(eHHl! 3n11reHeTH'feCKOH Teop1111 3BO
JIIOU1111 6bIJil1 ccf>opMyn11posaHhI B 1987 r. M. A . W11wK11HbIM Ha oCHose 11JJ,eii 
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H. H. lliManhrayJeHa H K. X. YoMHHITOHa. B KaqecTBe ocHOBHoro cy6crparn 

ecTeCTBeHHOro OT6opa Teopm1 paccMa'TpHBaeT QeJJOCTHhlH cpeHOTHn, npHqeM 

OT6op He TOJJhKO qmKCHpyeT noneJHhie H3MeHeHml, HO H np11HHMaeT yqacTHe B 

HX C03.[laHHH, rrpH 3TOM OCHOBononaraIOLQee BJJH51HHe Ha Hacne.[lCTBeHHOCTh 

OKa3hIBaeT He reHOM, a 3ITHreHeTHqecKa51 CHCTeMa - COBOKYITHOCTh cflaKTOpOB, 

B03.[leHCTBYIOLQl1X Ha OHTOreHe3. 0T6op Be.[lfa K CTa6HJJH3aQHH p51.[la nocne.[lO

BaTeJJhHhIX OHToreHeJOB, ycTpaH5151 OTKJJOHeHH51 OT HOpMhI (Mopcp03hl) H cflop

MHPY51 ycrnnqHBYIO TpaeKTOpHIO pa3BHTH51 (Kpeo.D:). l1MeHHO B npeo6paJoBa

HHH 0.[lHOro Kpeo.[la B .D:pyroìi B pe3yJJhTaTe B03MyLQaIOLQero B03.[leHCTBH51 cpe

.Llhl H 3aKJJIO'!aeTC51, cornacHO 3T3, 3BOJJIOUH51. 

HBau HBauoBuq lIIMaJihray3eu (1884- 1963), coBeTcK11ì1 611onor, 300-

nor, Y'feHHK A. H. CeBepuoBa, Teopen1K 3BOJJIOUHOHHOro Y'feHH51. B 1939-
1948 rr. B MOCKOBCKOM yttHBepcHTeTe JaBe.[lOBan opraHl130BaHHOH HM Kacfle.D:

poìi .D:apBHHHJMa MrY 11M. M . B. JloMottocoBa, BoJrnaBn51n I1HCTHTYT 3BOJJIO

UHOHHoì1 MopcponornH AH CCCP (HhIHe l1HCTHryT 3BOJJIOUHOHHOH Mopcflono

rnH H 3KonornH )KHBOTHhIX HM. A. H. CeBepuoBa AH CCCP). B 1920- 1930 rr. 
ccflopMynHpOBaJI YHHBepcaJJhHhIH JaKOH pocTa, 6a3HpOBaBillHHC51 Ha KOJJHqecT

BeHHOM aHaJJH3e, 11 Bhipa6oTan MeTO.[\HKY orrpe.[leJJeHl151 KOHCTaHThI pOCTa, 

HMeBWYIO 6onhllIOe rrpHKJJa.[lHOe 3HaqeHHe. 0.[lHOBpeMeHHO H3Y'faJJ pa3BHTHe 

KaqeCTBeHHhIX rrpH3HaKOB B OHToreHeJe H ITOKaJan BCIO CJJO)KHOCTh H reHOTll

nll'IecKyIO o6ycnOBJJeHHOCTh llX cflopMoo6pa30BaTeJJhHhIX B3aHM03aBl1Cl1MO

CTeì1 . OH 06oraT11n MaTepllanllcTll'!ecKyIO TeopHIO 3BOJJIOU11l1 q . .IJ:apBirna 

pa3pa60TKOH rrpo6neMhI uenOCTHOCTil opraHl13Ma B IlH.[lllBll.LlYaJJhHOM Il llCTO

pll'IeCKOM pa3BllTI1Il, BBe.[leHlleM Teopllll CTa6l1JJl13HpyIOlQero OT6opa l1 llCCJJe

.[lOBaHHeM MexaHH3MOB KaK 3BOJJIOUilOHHOro npouecca, TaK l1 llH.[lllBH.LlyanhHO

ro pa3BllTil51 B Ka'!eCTBe aBToperynrrpyeMhIX CllCTeM. 3TllMil .[\OCTll)KeHil51Ml1 

lliManhray3eH rrpe.D:BOCXllTllJJ P51.Ll nOJJO)KeHHH Kl16epHeTJ1Kll, e n03l1Ul1H KOTO

poì1 OH B 1950-1960 rr. Il3JJO)Kl1JI 3BOJJIOUHOHHYIO TeOpllIO. 

MuxauJI AJieKcau.[lpoBuq lIIttIIIKHH (po.D: . 1936). OKoHqlfn reonorn'!e

CKllH cpaKynhTeT MrY (1958), 'IneH pe.D:Konnernìi Tpy.D:OB CCMII3 (1974-1981), 
JQurnal of Vert. Paleonlology (1992-1994), Palaeonlologica Polonica (1996-
HhIHe ). 06naCTh IlHTepecoB: 3BOJJIOUilOHHa51 Mopcflonorl151 IT03BOHOqHhIX, TeO

pl151 3BOJJIOUllll, 6HocrpaTHrpacfltt51 . 

Koupa.D: X::iJI YoMunrrou (1905-1975), aHrnllttCKHH 6rronor, 'IJJeH JloH.D:OH

cKoro KoponeBcKoro o6mecTBa (194 7). OKoH'Ittn KeM6pl1.[l)KCKHH yttttBepcllTeT 

(1927). B 1933-1945 rr. rrperro.D:aBaJI 3M6prronormo TaM )Ke, e 1946 r. - rrpocflec

cop reHeTHKH )KllBOTHhIX B 3.D:l1H6yprcKoM yttllBepcllTeTe. B 1961- 1967 - npe3l1-

.D:eHT Me)K.[lyttapO.D:Horo COI03a 6llonorn'IecKHx ttayK. OcHOBHhie TPJ'.LlhI no 3M-

6prronornl1, 3BOJJIOUllOHHoì1 reHeTHKe, TeoperrrqecKoì1 611onorttl1. IIo'IfaHhIH '!neH 

AMeprrKaHCKOH aKa.D:eM11l1 llCKYCCTB rr HaYK (1960), <l>ttHCKOH AH (1967). 

bOJJhlllOH rpyrrrre Y'feHhIX B pa3HOe BpeM51: y.D:aJJOCh BhJCTpOHTh C'TpOHHYIO 

CllCTeMy CllHTeT11'!eCKOH TeOpllll 3BOJJIOUill1 . l1 no npaBy rrepBhIM B 3TOM Cllll-
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CKe CTOHT HM.si CepreH CepreeBH'la qeTBepuKOBa (1880-1959), BbI.Uaiome

roc.si pyccKoro 611onora, reHeT11Ka-3 soniou110H11cTa, c .uenaswer o neps&1e war11 

B HanpasJieHHH CHHTe3a MeH.ueneBCKOH reHeTl1Kl1 11 3BOJHOUl10HHOH Teop1111 

4 . .LJ:apBHHa. l..JeTBep.siKOB nepBbIM opraHJ130BaJI 3KCrrep11MeHTaJibHOe 113)"IeH11e 

HaCJie)lCTBeHHbIX CBOHCTB y ecTeCTBeHHblX nonyn.siu11ì1 )J(l1BOTHbIX, qTo II03BO

JI.sieT Ha3BaTb ero OCHOBOIIOJIQ)J(HliKOM COBpeMeHHOH 3 BOJIIOI..\110HHOH reHeTl1Kl1. 

B 3TOH o6JiaCTl1 c. c. 4eTBep11KOB BbicrynaeT KaK IIO)lJil1HHb!H HOBaTop, CMOT

pesw11ì1 .uaneKO Brrepe.u 11 onpe.ueJIHBWHH Ha MHOr11e )leC.sITHJieTl1.s! nyTH pa3-

Bl1TH.s! M11pOBOH 611onorw1eCKOH HayK11. Ero pa60Tbl, oco6eHHO OCHOBHOH Tpy.u 

«0 HeKOTOpb!X MOMeHTax 3BOJIIOI..\110HHOro npouecca e TQqK11 3peHH.s! cos pe

MeHHOH reHeTl1Kl1», ony6Jil1KOBaHHbIH B 1926 r., nern11 B OCHOBy Cl1HTeTl1'Ie

CKOH Teop1111 '.lBOJIIOI..\1111 (CT3) . 

Ilo3)J(e CT3 fama pa3sepHyrn B pa6ornx uenoì1 nne.si)lhI )"IeHhrx: 

.LJ:ìKyJJuau CopeJJJJ XaKCJJH (1887- 1975), aHrn11ì1cK11ì1 611onor, 3BOJI10-

u110H11cT 11 ryMaHHCT, IIOJil1Tl1K, 0)ll1H 113 OCHOBaTeneì1 BceMHpHoro cpoH.ua )ll1-

KOH rrpIIpO.UbI. .LJ:)J(ymrnH XaKCJIH .sisn.sinc.si He TOJihKO OllHIIM 113 C03)laTeneì1 

CT3, HO II Cb1rpan 3Haq11TeJihHY10 ponb B ee norryn.sip113au1111 . 

.LJ:ìKou I>ep.uou Cau.uepcou XoJJ.ueuu (1892- 1964 ), c 3p PouaJJb.U 3nJJMep 
<l>uwep ( 1890- 1962) 11 Cbl03JJ I)mu PanT (1889-1988), aHrn11ì1cK11e 611onorn 

11 3BOJIIOI..\HOHl1CThI, C03)laJIH MaTeMaT11qeCKl1H arrnapaT JIOIIYJI.s!Ul10HHOH reHe

Tl1Kl1 B paMKax CT3 - MaTeMaT11'leCKYfO Teop11io .upeì1cpa retta 11 cuenneHH.sI 

HaCJie)lCTBeHHh!X cpaKTOpOB. KpoMe Toro, OHl1 3aHl1MaJil1Cb 11ccne.uosaHHllMl1 B 

06nacn1 MOJieKyn.sipHOH 11 611ox11M11qecKOH r eHeTHKl1, 11CCJie)lOBaJIII KOJil1'leCT

BeHHYIO CTOpOHy ecTeCTBeHHOro 11 11CKYCCTBeHHOro OT6opa, paCCMOTPeJil1 IIO

nyn.siu1110 KaK 3JieMeHrnpHyJO e.u11H11uy 3BOJIIOI..\HOHHoro npouecca. HMeHHO 

PouaJJb.U <l>urnep 6b1JI O.UHHM 113 neps&1x asTopos cospeMeHHOro c11HTe3a . Ero 

MOHYMeHTaJI&Ha.si pa6oTa «feHeT11tiecKa.si Teop11.si ecTecTBeHHOro OT6opa» C'll1-

TaeTc.si KJiacc11qecKOH B o6JiaCTH 3BOJIIOI..\HOHHOH 611onorn11. ct>11wep 11CIIOJib30-

BaJI CTaTHCTl1'leCKl1H aHaJIH3 reHeT11qecKHX cpaKTopoB B nonyn.siu11.six, 11 B npo

uecce 3TOro 11306pen MHOro HOBh!X 11 IIOJie3HblX CTaTHCT11qecKHX MeTO,[\OB. 

· Pa60Tb1 aMep11KaHcKoro 611onora 3pucTa Maupa (1904-2005), s oco-

6eHHOCTH «C11cTeMaTHKa 11 npo11cxo)J(.lleH11e BH,[\OB» ( 1942), OKa3aJil1 cymecT

seHHOe BJIH.sIH11e Ha pa3s11T11e CT3. Ero pa6oTa no 113)"IeHHIO L\HHaMHKH no

nyn.siu1111 11 BH,L\006pa3osaH11.si Ha reHHOM ypostte C.llenana Maì1epa OL\HHM 113 

C03,[\aTeJieì1 COBpeMeHHOro CHHTe3a . OH TaK)J(e ycosepweHCTBOBaJI TaKCOHO

Ml1!0, ·OCHOBb!Ba.sICh Ha 3 BOJIIOUHOHHOM pOL\CTBe, 11 onpe,L\eJil1JI IlOH.s!THe BH,[\OB 

B reHeTH'leCKl1X TepMHHax . 

.LJ:ìKop.uJK CnMncou (1902- 1984) 6bm eL(11HcTBeHHhIM naneoHTOJIOrOM, 

KOTOpb!H )"IaCTBOBaJI B pa3Bl1Tl111 COBpeMeHHOro CHHTe3a. Ero p a6oTa e OKaMe

HeJIOCT.s!MH MJieKOil11TaJOIUHX np11BeJia K Mb!CJIH o He06XO,[\HMOCTl1 11X 6onee 

L(eTaJI&Hoì1 KJiacc11cp11Kau1111; MHorne 3JieMeHTbI .llaHHOtt Knacc11cp11Kau1111 sce 

e ll.le 11CilOJib3YJOTC.s! cero,L\H.s! . 
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YHJJbHM )l.onaJJb)l raMHJJbTOH ( 1936-2000), fownor, asrop KJJaCCH'-IeCKO

ro perneHIDI npo6neMhI nose)leHID! CTaJlHhIX )!UIBOTHhIX. OH 6hIJJ cpe.utt nepBhIX, 

KTO nptt3HaJJ reHeTH'-IeCKY!O OCHOBY ecTeCTBeHHOro OT6opa. faMHJlhTOH 11C

nOJJh30BaJJ :ny TO'IKY 3peHl151 .UJJ51 perneHl151 O'IeB11.UHOro napa,UOKCa aJJhTPYJ13Ma 

11 caMono:>KepTBOBaHH51, Ha6JJ!O)laBllIHXC51 cpe)ll1 ceMeHCTB HeKOTOph!X Bl1)lOB 

)Kl1BOTHhlX. I103:>Ke OH 3aHHTepecosaJJC51 napa311TaM11 11 HX BJJl151Hl15! Ha 3BOn!O

l.(H!O opraHH3MOB-X0351eB. OH TaK:>Ke np11,Uep:>K11sanc51 Teop11tt, 'ITO s11pyc CITI1-

)J,a pacnpocTPaH11nc51 B pe3ynhTaTe 11cnhITaHH5! BaKl.(HHhI nonHOMHenHTa B Acp

pttKe. Yttnh51M faMHnhTOH CKow1anc51 OT MaJJ5ip1111 nocne 3Kcne.uttUHH B KoHro. 

)l.iKon MeìinapJl CMHT ( 1920-2004), H3BeCTHhIH 3BOn!Ol.(HOHHCT. I1o.upo6-

no pacCMOTPeJJ napa.UOKC, KOTOpoMy .UaJJ Ha3BaHHe «.UBOHHa51 l.(eHa nona» (two
fo ld cast of sex), CYTh KOTOporo COCTOHT B TOM, 'ITO rrp11 npO'IHX paBHhIX ycnOBH-

51X 6ecnonoe pa3MHO:>KeH11e ( ttn11 caMOOfIJIO)lOTBOpeHHe) pOBHO B .usa pa3a 3cp

cpeKTl1BHee, 'IeM nepeKpeCTHOe onJJO)lOTBOpeHHe e yqacTtteM caMl.(OB. I1Hh!MH 

cnoBaMH, caMl.(hl o6xO.UHTC51 nonyJJHl.(HH nenoMepno )lOporo, a «OTKa3» OT HHX 

.uaeT HeMe.uneHHhIH H O'IeHh 3Ha'IHTenhHhIH BhIHrphllll B CKOpOCTH pa3MHO:>KeHl151. 

Pa3BHn Teop1110 ttrph1 11 ee npHMenentte K 3BOJJ!Ol.(HOHHOH TeopHH, oco6enno B 

o6JJaCTl1 Mo.uen11poBaHID! pa3Bl1Ba!O!I(l1XC51 nOII)'JU!l.(11H 11 nose.ueHID! :>KHBOTHh!X -

KOHL(errl.(H51 3BOJJ!Ol.(HOHHo-ycTOH'IHBOH CTPaTern11 (ESS - Evolutionarily Stable 

Strategy) KaK rnasHoro cpaKTopa B onpe.uenen11H nose.ueHH51 :>KHBOTHhIX. 

CTnBen )l."'eìi foyJJJl (po.u. 1941) H HnJJ1>c 3JJJlPHJl"' (po.u. 1943), aMe

pttKaHCKHe naneOHTOnortt, aBTOphl TeOpHH npephIBl1CTOro paBHOBeCID!, co

rnacHo KOTOpOH 60JJhIIIaH 'IaCTh 3BOJJ!Ol.(HOHHhlX 113MeHeHHH npo11cxo.u11T 3a 

He6onhrn11e npoMe:>KYTKH speMeHtt no cpasnenmo e ropa3.UO 6onee )lnHTenh

HhlMH nepHo)laMH 3BOJJ!Ol.(HOHHOH cTa6HnhHOCTH. Xorn foyn)l H 3n)lpH)l:>K )lO 

Cl1X nop OTCTaHBa!OT CBO!O TO'IKY 3peHH51, OHH BCe :>Ke cornaCHhl e TeM, 'ITO 

npephIBa!O!I(eecH paBHOBectte cpaKTH'IeCKH 51BJrneTC5! BH)lOM ecTeCTBeHHOro OT-

6opa, H He 5!BJJ51eTC51 pa)lHKaJJhHO HHOH KOHL(em.111ett. )J,:>KeH foyJJ)l 6h1Jl aKTHB

HhIM npOTHBHHKOM Kpeal.(110HH3Ma, oco6eHHO BBe)leHH51 ero B IIIKOJlhHhie o6pa-

30BaTenhHhie nporpaMMhI B AMepHKe. 

3JlB3pJl YnJJcon (po.u. 1929), aMep11KaHCKHH yqeHhIH, 3HTOMonor H 3TO

nor, O)lHH H3 C03)laTeJJeH KOHL(enl.(11H cou110611onorH11 H 3BOn!Ol.(HOHHOH ncH

XOJJOrHH, KpYTIHeHIIIHH cospeMeHHhIH aMep11KaHCKHH MHpMeKOJJor: rnaBHhlM 

npe)lMeTOM ero HCCJJe)lOBaHHH 6hlJIH MypaBhH H HX )KH3Hh B KOJJOHH51X. 3,Usap)l 

Y11ncon BHec 6onhrno:ì1 BKJia)l B cospeMeHHY!O TeopH!O 3KOCHCTeM. Ero KJJac

CH'IecKa51 KHHra «COl.(H06HOJJOrH51» )lana Ha'Iano pa3BHTl1!0 3BOJJ!Ol.(110HHOH 

nc11xonor1111. YHJJCOH TaK:>Ke H3BeCTeH He TOJlhKO KaK H3BeCTHhIH TeopeTHK 

3BOJJ10l.(1111, HO H KaK 6necrnmHH asTop. B rrocne)lHHe ro)lhI 3,Usapil Yttncon 

CTan aKTl1BHhIM npOTHBHl1KOM pa3pyrneHH51 OKpY:>Ka!O!I(eH cpe)lhl, aKl.(eHTHPY51 

sn11MaH11e lia coxpaneHHH 6ttonorH'IecKoro pa3noo6pa3H51. 

Po6epT TpaìiBepc (po)l. 1941), 6ttonor. Hatt6onee rnHpoKo 113BecTeH ero 

TPYil no Teop1111 <<3rottcTl1'IHOro reHa», oco6enno pa3Bl1Tl151 «B3attMHOro aJJh-
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TJJYJ13Ma» 11 ycnos11ì1, Heo6xon11MhIX )l,JIH ero IIOHBJ1eH11H. OH TaIOKe pa6oTaJJ 

Han IIpo6neMaM11 nepe.uaq11 po.u11TenbcK11x np111HaKoB, ceMeìicrneHHoro oT6o

pa, Kompn11KTa Me:>Kny reHeT11'IeCKl1Ml1 11HTepecaMl1 po.u11TeJ1eH 11 noTOMKOB 11 

cou11anhHOro noseneH11H :>Kl1BOTHhIX. B HaCTOllll.(ee BpeMll Po6epT Tpaì1Bepc 

Be.LleT pa6oThl no 111yqeH11IO KOH<t>n11KTa 11HTepeCOB reHOB BHYTJJl1 reHOMa, a 

TaK:>Ke 3BOJllOUl10HHbIX OCHOB IIpo6neMbl CaMoo6MaHa. 

MoTOO KuMypa (1924-1994), llIIOHCKl1H 611onor, aBTop HeHTpaJihHOH 

Teop1111 MOJJeKynllpHOH 3BOJJIOu1111. Pa1B11BaH 3TY Teop1110, K11Mypa 06ben11H11J1 

TeopeT11'IecKy10 nonynHUl10HHYIO reHeTl1KY (pa1pa60TaHHYIO <1>1-nuepoM, Xon

.ueìiHOM 11 PaìiToM) e .uaHHhIMl1 MOJleKynHpHOH 3BOJJIOu1111 11 npe.unono:>K11n, 'ITO 

cnyqaHHhIH .upeìicp BbICTynaeT Ba:>KHeHW11M <PaKTOpOM 113MeHeHl1ll reHHbIX qac

TOT B nonyn51u1111. 3rn TeOp1151 IIp11Hecna K11Mype rpoMKYIO cnaBy 11 1a npe.ue

naM11 nonyJJHUl10HHOH reHeTl1Kl1, c.uenaB ero 0.LlHl1M 113 113BeCTHeHWl1X 3B0Jll0-

Ul10Hl1CTOB. KpoMe Toro, K11Mypa 111BecTeH B reHeT11Ke 6naro.uapH BBe)l,eH11IO 

nporpeCCl1BHOro 11CIIOJlh30BaHl1Jl .u11<P<PY3Hh!X ypaBHeHl1H )l,J151 pacqfaa BepOllT

HOCTeH 1aKpenneH11H none3HhIX, Bpe.UHhIX 11 HeìiTpanhHhIX anneneìi. 

rep6epT Cneucep (1820- 1903), aHfJl11HCKl1H cp1rnococp 11 cou11onor, 0.Lll1H 

113 PO.LlOHa'IaJlbHl1KOB 3BOJllOUl10Hl13Ma, 11.ue11 KOTOporo IIOJlh30BaJll1Cb 60JlhillOH 

nonynJipHOCThlO B KOHL\e XIX B., ocHoBaTenh opraHH'IecKoìi WKOJlhI B cou110-

nor1111; 11.ueonor n116epan111Ma. Ero cou11onor11qecK11e B3rJJll.LlhI HBJillIOTCH npo

.uon:>KeH11eM cou11onor11qecK11x so11peH11ì1 CeH-C11MoHa 11 KoHTa, onpe.ueneH

Hoe BJil1JIH11e Ha p a3B11T11e 11.ue11 3Bon10u1111 0Ka1an11 JlaMapK 11 K. E3p, CM11T 11 

Manhryc. 

B 1852, 1a ceMh neT .uo ny6n11Kau~m «Ilpo11cxo:>K.uemrn Bl1.LlOB» q. )J;ap

BJrna, CneHcep Han11can CTaThlO «r11n0Te1a pa3B11Tl1H» (The Development Hy
pothesis), B KOTOpOH 113Jlaranacb 11)1,ell 3BOJllOL\11l1, BO MHOroM CJle)l,OBaBWall 

Teop1111 JlaMapKa 11 K . 1)3pa. BnocnencTs1111 CneHcep np111HaJI eCTecrneHHhIH 

OT6op KaK 0.Lll1H 113 cpaKTopoB 3BOJllOUl111 (OH aBTop TepM11Ha «Bhl:>Kl1BaH11e Hal1-

6onee np11cnoco6neHHhIX») . KnIO'IOM K ero c11cTeMe 06ben1rneHHOH HayK11 llB

JJneTcH pa6orn «0CHOBHbJe Ha'Iana» (1862), B KOTOpOH yrnep:>K.uaeTCJl, 'ITO 

<<Heno1HaBaeMoe» BhIXO.Lll1T 1a npe.uenhI Hay'IHOro 11ccne.uoBaH11H, a 111naraeTCJI 

KOCMl1'IeCKaH Teop1151 3BOJllOUl111 (Teop1151 nporpecca), KOTopyIO CneHcep C'Il1-

raeT YHl1BepcaJlbHbIM IIp11HUl1IIOM, ne:>Kall.(11M B OCHOBe Bcex o6nacTeH 3HaHl15! 

H HX cyMM11PYfOll.l11M. 0TnpaBJJ5!5!Cb OT <PYH.LlaMeHTaJlhHblX 3aKOHOB <Pl1311Kl1 11 

11.ne11 111MeHeH11JI, CneHcep np11xo.u11T K noH11MaH1110, 'ITO B KOHe'IHOM 11Tore 

SIKaJI <<Bell.(b)) .LlOCT11raeT COCTOJIHl15! ((IJOJIHOH a.uanT11poBaHHOCTl1» K CBOeMy 

OKpY:>KeH11lO, IIOCKOJlhKY a.uanTau11JI - 3TO <<He cnyqaHHOCTh, a Heo6xo.u11-

MOCTh», 0)1,HaKO TaKOe COCT05!Hl1e HeycTOH'Il1BO. Ilo3TOMY nocne)l,HJIJl cryneHb 

son10u1111 eCTh nepBall cTyneHh B npouecce «pacceJIH11JI», 1a KOTOpbIM, no

cnc 1aBepweH115! u11Kna, BHOBh cne.uyeT 3Bon10u11H. T aK11M 06pa10M, Cnepcep 

IO:>Kl1Jl Ha'Iana BOJlHOBOH Teop1111 p a3Bl1T11Jl Cl1CTeM. 

KpoMe Toro, CneHcep - OCHOBaTenh «opraHH'IecKoìi WKOJlhI» B cou110-

1or1111. 06mecTBO, e ero TO'IKl1 3peHl1H, - 3BOJllOUl10H11pyIOll.(11H opraHl13M, 
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DOLJ:06HhIH )!(HBOMY opraHH3My. Cornactto ero B033peHH5!M, o6ru;ecTsa MoryT 

opraHil30BhIBaTh H KOHrpmmposaTh co6CTBeHHhie npouecchI aL(arrTaUilil, H TOrL(a 

OHil pa3BHBafOTC5! B HanpasJieHHH MHJIHTapHCTCKilX pe)!(HMOB, a B pe3yJihTaTe 

CB060L(HOH H TIJiaCTilqHoii aL(anTaUilil - B npOMhIIIIJieHHO pa3BilThJe rocyLJ:ap

CTBa. Cornactto ero Teopilil, cyru;eCTBYIDT TPH Tttna 3BOJifOUHH o6ru;ecTsa: so

eHHhIH, npOMhIIIlJieHHh!H H Bh!)!(HBaHHe il npouseTaHile cna6ettIIIHX, T. e. JlfO

L(eii e HH3IIIHMH ilHTeJIJieKTyaJJhHO-MopaJihHh!Mil Ka'!eCTBaMH, '!TO Hett36e)!(H0 

npHBOL\HT K LJ:erpaL(aUilil scero o6ru;ecTBa. 

0L(HaKO HMeHHO eMy npilHaL(Jle)!(HT CTOJih IIIHpOKO UHTHpyeMoe H3pe'ie

Hile: «Ka)!(L(h!H qeJIOBeK BOJieH L(eJiaTh TO, qTQ )!(eJiaeT, eCJIH He HapyIIIaeT npil 

3TOM paBHYfO cso6oLJ:y mo6oro LJ:pyroro qenoseKa». 

HnKoJiaìi HnKoJiaeBnq BoponuoB (1934-2000), coseTCKiltt yqetth1tt-

3oonor, 3BOJlfOUHOHHCT, 3KOJIOr H reHeTIIK, 1-H: MIIHIICTp rrpIIpOL\OIIOJih30BaHil5! 

II oxpatthI OKp~afOru;eH: cpeLJ:hI CCCP. 06naCTh ttayqtthIX HHTepecos: CIICTeMa

THKa MJieKODilTafOID;ilX, reHeTHqecKHe MeTOL(hl B CIICTeMaTIIKe, KapilOCilCTeMa

THKa, 300reorpacpII5!, 3BOJifOUIIOHHa5! MOpcponorII5!, TeOpII5! 3BOJifOUilII, ilCTopm1 

ttayKII. OcttosttoH: BKJiaL( B ttayKy: OTKphITIIe xpoMOCOMHoro BIIL(oo6pa3osaHII5!, 

npHMeHeHIIe B CHCTeMaTIIKe MJieKOIIHTafOID;ilX xpOMOCOMHOro, reHen1qecKoro 

II HeKOTOphIX MOJieKym1pH0-6ilOJlOfHqecKilX MeTOL(OB, OTKphITIIe HepaBHOMep

HOCTII TeMDOB 3BOJifOUIIII opraHOB OL(HOH CIICTeMhl II cpopMyJIIIpOBKa npilHUH

na KOMneHCaUIIII cpyHKUilH. 

AJieKcaHJlP JleouttJlOBuq qu,..eBCKHìi (1897- 1964), nonyqIIBIIIilìi cpeLJ:II 

npoqilx MeLJ:ilUilHCKoe o6pa3osattile B MocKOBCKOM yttttsepcilTeTe, MHOro neT 

3aHIIMaJJC5! HCCJieL(OBamrnMH no npo6JieMe BJIII5!HWI KOCMOcp113H'ieCKIIX npo

ueccoB Ha 3eMHhie, T. e. renII0611onorileìi, BJilf5!HHeM a3po110HOB Ha :>KilBhJe op

raHII3MhI 11 6IIocpm11Koìi 3pIITpOUIITOB. Ero KHHra «<D11311'!ecK11e cpaKTophI IIC

TOpIIqecKoro npouecca» TaK il He BhIIIIJJa B ne'!aTh, HeCMOTP5l Ha cTapaHH5! 

n. n. Jla3apesa, HapKOMa npocseru;eHII5! JlyHaqapCKOro, H. K. KOJihUOBa il APY

rIIX. B I 939 r. LJII)!(eBcKiltt 6hrn 3aoqtto II36paH rroqeTHhIM npe311L(eHTOM rrep

soro Me)!(L(yHapOL\HOro 6IIocp113II'ieCKoro KOttrpecca B HhfO-MopKe, B I 942 r . 

apecTOBaH, II B 3aKJlfO'!eHIIil BeJJ ilCCJleL(OBaHil5! cpopMhl il arperaUilII 3pilrpO

UilTOB. <DaKTil'!eCKH 'Iil:>KeBCKilH CTaJI OCHOBaTeJJeM reJiil06IIOJIOfilil il xpoH0-

6ttOJIOfIIH, MHOrIIX HayqHhIX HarrpasJJeHHH, CB5!3aHHhIX cerOL(H5! e rr3yqeHIIeM 

B03L(ettCTBl15! a3p011HOB, CJia6bIX 3JieKTpOMarHHTHh!X noneH: Ha )!(IIBhie opra

HII3Mhl, KOCMOcpH3H'ieCKHX B03L(eHCTBIIH . BcrrOMHHa5! 'Iil:>KeBCKOro, cnpaBeL(

JIIIBO 3aMeTHTh, qrn II BhIL(afOru;IIttCH pyccKIIii no3T BaJiepnìi J>procoB ( 1873-
1924), asrnp BhIIIIeL(IIIeH B 1918 r. KHl1:>KKl1 «BpeMH - Mepa MIIpa», TaK:>Ke 

oqeHh HHrepecosancH cpopMilposatttteM 11cToprrqecKilX rrep110L(11qHocTeìi. 

Oco6o qJ..IeAyeT BhIL(eJJttTh pHL\ octtosorrono:>KHHKOB Ba)!(HettIIIIIX HayqHhIX 

filllOTe3 o rrpOHCXO)!(L(eHIIlI )!(lI3HlI. 

CBaHTe Appeunyc (1859-1927), rrrneL(ç1faH: cpmttKOXlIMHK, aBTOp reoptttt 

3JieKrpOJJHT11'!eCKoii L\HCCOUilaUttil il tto6enel)é:K11H: naypeaT (I 903), TaK:>Ke msec

TeH TeM, '!TO BhIL(BlIHYJI TeopttfO rrattcrrepMil~ (ceMeHa IlOBCfOLJ:Y), mnoTe3y o IIO-
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BCeMeCTHOM pacrrpeL(eJiemm BO BCeJieHHOH 3apOL(bIIllefi )!(118bIX cyrrrecTB. f11n0Te-

3a yrnep)!(L(ana, qTo )!(J13Hh He Morna 3apOL\11ThCJI Ha 3eMJie (L1eì1cTB11e «np11HL1ttna 

PeL(ll») 11 6bIJia npttBHeCeHa 113 KOCMOCa. 3Ta TeopttJI cyrrreCTBOBaJia CO speMeH 

Ap11croTeJIJI, ec1111 He paHbllle. B TOJIKOBaH1111 AppeHM)'Ca OHa rnac1111a, 4TO pacce

JIHHhJe 8 M11pOBOM rrpocTpaHCTBe 3apOL(blll111, TaK, Hanp11Mep, CIIOpbl M11KpOOpra

Hl13MOB, nepeHOCJ!TCJ! e OL(HOro KOCMW!eCKOro Tena Ha L(pyroe e IIOMOII]hfO MeTeo

p11TOB 11Jil1 IIOL( L(ettCTBl1eM L(aBJieHl1Jl CBeTa. 11.n:efO HanpaBJieHHOH naHcnepM1111 

BbICKa3hIBaJI TaK)!(e ):VKoH I>ept:10H CaHt:1epcoH XoJJt:1eiin (I 862- 1964 ). 

AJJeKC3HLIP lIBaHOBH'I OnapHH (1894- 1980) s 1917 r . OKOH411JI Moc

KOBCKttii yH11sepc11TeT, pa60Ta11 Ha Ka<j:Je.upe <j:J11311011or1111 pacTeH11ì1. 5Is11J1JICJ1 

O)lHttM 113 opraHtt3aropos 11 .u11peKTopoM l1ttcT11ryrn 611ox11M1111 AH CCCP 

( 1946). B 1922 r. c<j:JopMy1111posa11 ecTecTBeHHo-ttayqHyfO, 111111, KaK rnr.ua ro

sop111111, «MaTep11a1111cT11qecKyfO» TeOp11fO rrpottCXO)!()leHl1J! )!(J.13Hl1, - B03HHK

HOBeHHJ! KJieTOK 113 KOJIJIOl1.llHbIX KarreJih - KOaQepsaTOB (naT. coacervatio -
HaKorr11eH11e) s <meps114HOM 6ynhotte» oKeatta . CaM TepM11H 6hrn npe.UJIO)!(eH 

I>ynreH6epr t:1e HonroM. 
3ttaMeHHThIH 3Kcrrep11MeHT, rrocTaBJieHHhitt B 1953 r. CTeHJJH JlJJOHLIOM 

MHJJJJepoM (1930--2007), )lHIIJIOMHl1KOM rapOJJh,':13 KJJeHTOHa lOpH (1893-
1981 ), Ho6e11escKaJ1 rrpeM11J1 no Xl!MHH 3a BhI)leJieH11e 113oTorra so.uopo.ua .uei1-

Tep11JI (1934), 3aKJII-04aJICJ! B IIOIIbJTKe BOCIIp0113BeCTll Cl!HTe3 npOCTeHillllX 

611oopraH114eCKl!X coe)l11HeHHH rrpH BOCC03)laHl1l1 ycJIOBHH, cyrrreCTBOBaBilJHX 

Ha <<3ape TBopeHmrn 611oc<j:Jepbr Ha .upesHei1 3eMne. Tor.ua M111111ep rro11y41111 

cTerreHh 6aKanaspa HayK s Ka1111<j:JopHHHCKOM yH11sepc11TeTe s EepK1111, r.ue 

06yqancJ1 y IOp11. B 1983 r . OH 6hrn y.uocTOeH Me.ua1111 Onap11Ha. 

3Kcrrep11MeHT rroKa3aJI, 4TO opra~mqecK11e coe.u11tteH11J1 (s TOM q11c11e 

aMttHOKl1CJIOTbl) TeopeTl14eCKl1 MOrJil1 <j:JopMHposaTbCJ! 113 HeopraHH'feCKHX co

e)lttHeHl!H B ycnosmrx .upesHeì1 3eM1111 . )J{113Hh BOKpyr Hac ocHosatta Ha aToMax 

yrnepo.ua, so.uopo.ua, a3oTa 11 Kttcnopo.ua, a TaK)!(e <j:Joc<j:Jopa 11 cepb1. B rrpoTo

aTMoc<j:Jepe TaK)!(e rrp11cyTcTsosa1111 CH4, CO, C02, N 2, H2, NH3 11 H 2S. ,[(11J1 

Hee 6hIJIH xapaKTepHbl 3JieKTptt4eCKHe 6yp11, HOHHO-MOJieKy11J1pHble peaKl\1111 B 

aTMoc<j:Jepe H .uocrnT04HO c1111bHaJ1 pa.u11au11J1. ATMocctJepa rrepB03)laHHOH 3eM-

1111 Be 11Me11a 030Hosoro 3KpaHa, 3a.uep)!(11BafOII]ero contte4Hhrì1 y11bTpactJ11011eT. 

OrrhIT 3aKmO'laJicJI B cne.UYfOIIJeM: B 3aKphnoì1 Ko116e Haxo.u111111cb Heo6xo.u11-

Mhre 3JieMeHThI, CMeCb Xl1M11qecKHX coe)lHHeHHH, KOTOpbie MOrJIH o6pa3oBaTb

CJI B pe3yJibTaTe a611oreHHoro Cl1HTe3a Ha KOCMOXHMttqecKOH CTa)lttH pa3Bl1THJ! 

3eMJitt: MeTaH, aMMHaK, so.ua. Ko116y no.usepra1111 K11ID1qeH1110 e TeM, 'IT06b1 

ycKOp11Tb LlHPKYJIJIL{HfO ra30B, H IIO)lBepra1111 ,':leHCTBHIO 3JieKTPl1'1eCKl!X pa3p5!

,':IOB. qepe3 He)leJIJO CTeHKH KOJI6hI OKa3aJil1Cb IIOKpb!Tbl CJIOeM rrpOCThIX opra

Hl!'leCKHX coe)lttHeH11ì1, B TOM q11c11e aMHHOKHCJIOT rJIHL{J-!Ha 11 aJiaHttHa. 3To 

OTKpbITHe CTaJIO peBOJIJOL1Heì1 B HayKe. Onb!Tbl CTaBl!JIH, BHOBb l1 BHOBb KOp

peKTHPYJI COCTaB HCXO)lHh!X KOMIIOHeHTOB H sapbHPYJI ctJH3H4eCKl1e ctJaKTOpb!. 

DhIJIO .uoKa3atto, 'ITO B nepswiHoM oKeaHe Morn11 B03Hl!KHYTh rrpe.unocbIJIKH 

B03HttKHOBeHttJI )!(11Boro ctJ11311Ko-x11M11'lecK11M IIYTeM. 
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Heo6xO,!lJIMO BCIIOMHI!Tb BhIAa10meroc51 cf>I13HKa-TeopeTI!Ka aBCTPHì1ua 

3pBHHa lllpe,uuurepa (1887- 1961), %e HM51 Hep33pb1BHO CBH3aHO e C03AaHH

eM BOJIHOBOH MexaH11KI1, ccf>opMyJIHpOBaBinero ee OCHOBHOe ypasHeHHe (ypas

HeHHe lllpeAHHrepa), crnswHM rro11eTHhIM 11neHoM AH CCCP (1934). lllpe

AHHrep 'IHTaJI neKUHII rro TeopeTI111ecKoì1 6HonorHH B yHHBepcHTeTe ,ll,y6nHHa, 

OCHOBb!BaJI CBOII B3rJI51Ahl Ha rrpeACTaBJieHH51X 06 arrepHOAH'leCKIIX KpIICTaJI

Jiax, TepMOAHHaMHKe Il MaTPil'IHOH KOHuerruHH, IIOJiaraH, LITO IIOCJieAH5151 51BAA

eTC51 o6merrpI13HaHHOH. 3TII CBOII Mb!CJIII OH Il3JIO)l(I!JI B KHI!re « 1ho TaKoe 

)l(I!3Hh? C TOLIKH 3peHH51 cf>H3HKa», BO MHOfOM orrpeAeJIHBWeH OCHOBHhie HAeH 

TeopeTI111ecKoì1 6HonornH Il 6Hocf>H3HKH. Ha :ny KHHry 611onor )],)!(. XonAeì1H 

ony6JIHKOBaJI B Nature CTaTb!O, B KOTOpoì1 HaIIIICaJI, LITO KOHuerru11» He rrpH-

3HaHa 11 rrp11HaAJie)l(HT seJIHKOMY pyccKOMY 6Honory H. K. Konhuosy. 

KoJ1e6ameJ1bHOe no6edeHue 611onorH'lecKHX c11cTeM scex yposHeì1, H3-

seCTHOe e He3aIIaM51THbIX speMeH, 3aHI!M3JIO YAfbl He TOJibKO 6HOJIOrOB, HO 

TaK)l(e cf>H3HKOXIIMHKOB Il cf>113HKOB. 06Hap~eHHe B XIX B. KOJie6aHHì1 B xoAe 

XHMI!'leCKIIX peaKUIIH BIIOCJieACTBIIH rrp11BeJio K I1051BJieHI!IO rrepBb!X aHaJioro

BbIX MOAeJieì1, TaKI!X KaK (()l(eJie3Hb!H HepB», «pTyTHOe cepAue». 0AIIH Il3 oc

HOBaTeJieì1 cf>H3I!'leCKOH XIIMHH, naypeaT Ho6eJieBCKOH rrpeMI!II 1909 r., 'IJieH

KOppecrroHAeHT ITeTep6yprcKoì1 AH, HeMeuKHH yLieHhIH BunhreJihM «l>pu,u
pux 0CTB3Jlb,U (1853-1932) OTMeTIIJI Heo6bI'lattHOe BHewHee CXOACTBO peaKl(IIII 

paCTBopeHlll )l(eJie3HOÌ1 IIOBOJIOKII B 330THOÌ1 KIICJIOTe H AIIHaMHKII pacrrpo

CTPaHeHlll HepBHOfO B036~eHilll. 0AHOÌ1 I!3 MOAeJiett «PTYTHOfO cepAua», 

OIIHCaHHOH B 1903 r. COOTe'leCTBeHHIIKOM H KOJIJieroì1 OcTBaIIbAa, TaK)l(e 'IJie

HOM-KOppecrroHAeHTOM ITe-rep6yprcKOÌ1 AH reoproM lipe,uuroM (1868- 1944), 
51BI!JlaCb rryJihCHPY!Ollla51 pTyTHa51 KaIIJI51, Ha rrosepxHOCTH KOTOpoì1 IIpOHCXOAH

JIO nepHOAH11ecKoe 06pa30BaH11e 11 pacTsopeH11e rrneHKl1 0K11cna. Ha6JI10Aa10-

m11ec51 rrp11 3TOM BOJIHOBbie ABil)l(eHH51 nosepXHOCTII KailJIH BHewHe nopa3H

TeJibHO HaIIOMl1HaJI11 6HeHI!e cepAua. 

IT0Ao6Hb1e MOAeJIH HMeJIH cyry6o cf>eH0MeHonorn11ecK11ì1 xapaKTep, rrp11-

11eM 6b!J10 He51CHO, MOfYT JIH rroporoBbie H KOJie6aTeJibHb!e 51BJieHl151 6hITb orm
èaHbl MOAeJib!O, OCHOBaHHOH Ha 3aKOHe AeHCTBy!Oll{IIX Macc. B cepI111 pa6oT 

1910-1920 rr. AJIMl>pe,u ,ll,m:. Jlorn.:a pa3BIIJI MaTeMarn11ecKy10 MOAeJih, OCHO

BaHHYIO Ha 3aKOHe AeHCTBYIOIUIIX Macc, BKJIIO'la!Oll{YIO OAHY aBTOKaTaJIHTH'le

CKYIO peaKUHIO 11 crroco6tty10 orr11caTh 3aryxa10m11e KOJie6aHH51. He60Jihw11e 

H3MeHeHH51 B MOAeJII! fl03BOJI11Jil1 OIII!CaTb aBTOKOJie6aTeJibHYIO peaKU11!0. 3a

TeM OH OIIHCaJI MOAHcf>HUI!pOBaHHYIO MOAeJib e ABYM51 aBTOKaT3JIHTI!'leCKl1Ml1 

CTaA1151Ml1 11 HCIIOJib30BaJI ee ~e He TOJihKO AJI51 OIIHCaHH51 XHMl1'1eCKHX, HO 11 

norryJI51UHOHHbIX KOJie6aHl1H B Cl1CTeMe (()l(epTBa-XHll{HIIK». 3TI! pa60Tbl B TO 

speM51 ocTasaJIHCh MaJIOH3BecTHhIMl1, Il B 1931 r . 11TaJib5!HCKI1ì1 MaTeMaTHK Bu
TO BoJibTeppa (1860-1940) He3as11CI1MO npeAJIO)l(HJI Il HCCJieAOBaJI IIOA06Hy!O 

:lKe MOAeJib, KOTopa51 11 AO H3CT051ll{ero BpeMeHH OCTaeTC51 6a30BOÌ1 npH orr11ca

HHH 3KOJIOro-rrorryJI51Ul10HHbIX B33IIMOAeHCTBIIH. 3aMeTl1M, 'ITO B Te )!(e fOAhl 
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IIOHBl1JU!Cb 3KCrrep11MeHTaJibHbJe pa60Tbl, CTaBl1BII111e esodi 3a,na'ldi rrposepKy 

rrp11MeHl1MOCTl1 MO.[(eJil1 B 611onor1111. 

TaK MHKpo611onor aKa,neMl1K reoprnìi <l>pauuesuq ray3e ( 1910- 1986) B 

1936 r . orry6n11Kosan pa6ory rro 11ccnenosamno Kone6au11H: 'lHcneHHOCTl1 no

rrym11.(11H y rrpocTeih1rnx. OH 11ccnenosan npo6neMhI 3Konor1111, 3BOJIIOL\110HHOH 

Teop11H 11 L\11TOJI0fl111, pa3pa6oTaJI OCHOBhl cospeMeHHOfO Y1IeHl1H 06 aHTH6110-

Tl1Kax. Ilp11Hl.(11!1 KOHKypeHTHOfO 11CKJllO'leHl1H ray3e O!Ipe,neJil1JI Ba:>KHOCTb 

TpocpwieCKHX CBH3eii KaK OCHOBHOfO IIYTl1 .[(JIH !IOTOKOB 3Hepr1111 1Iepe3 np11-

po,nHhie Cl1CTeMbl. 

B 1955 r. 6enhrnH:cK11H: cp11311Kox11M11K HJIMI PoMauosuq Ilpuro:arnu 
( 1917-2003) !IOKa3aJI, 'ITO B OTKpbITOH Cl1CTeMe KOJie6aHl1H B03M0)!(Hbl OKOJIO 

CTal(HOHapHoro COCTOHHHH, llOCTaTO'lHO yaaneHHOfO OT TepMO.[(HHaMH'leCKOfO 

paBHOBeC11H: KOJie6neTCH TOJlhKO BeJIH'll1Ha CKOpOCTH !Ip0113BOllCTBa 3HTPOII11H, 

a ee 3HaK scema ocTaeTcH rrono)!(HTeJibHhIM. KpaH:He sa)!(HhIH Kp11Tep11ii co

rrpH)!(eH11H 3HepreTH'leCK11X IIOTOKOB 11 MacconepeHOCa B CHCTeMax e pa3HOH 

cTerreHhlO CHMMeTp1111 farn ccpopMyn11posaH B rrpHHL\H!le K10p11- ITp11ro)!(11Ha 

B KOHUe 1940-x rr., a HeCKOJihKO !103)!(e ITp11ro)!(HHhIM 6hlno rroKa3aHo, 'ITO 

CTaUHOHapHbie COCTOHHHH CHCTeM rrp11 orrpeaeneHHbIX orpaHH'leHl1HX xapaK

TepH3YIOTCH M11Hl1MaJlbHhIM !Ip0113BOllCTBOM 3HTp0!11111. B 1977 r. OH 6b!Jl yno

CTOeH Ho6enescKoii rrpeM1111 no x11MH11 3a pa3Bl1THe HepasHosecHoH: TepMO.[(H

HaMHKH, oco6eHHO 3a Teop1110 llHCCHrraTl1BHhIX CTPYKTYP. 

3Ha'lHTeJibHaH yii:aneHHOCTh CHCTeM OT COCTOHHHH TepMOllHHaMH'leCKOro 

paBHOBeCHH rrpHBOllHT K B03HHKHOBeHHIO CO'BeprneHHO HOBOfO llHHaMH'leCKO

ro !IOBe,neHHH CHCTeM: MOryT B03HHKaTh 3aBHCHIL\He OT pacceHHHH 3 HeprHH 

n11ccHnaTHBHb1e npoCTpaHCTBeHHbie CTPYKTYPhI , aKTHBHhre cocpenoTO'leHHbre 

CHCTeMbl MOfYT o6peTaTb KOJie6aTeJihHbie pe)!(HMbl, pacnpeaeneHHbie - aBTO

BOJIHOBhre. B COOTBeTCTBYIOIL\HX pa3aenax Kypca 3TH HBJieHJrn 6ynYT paccMOT

peHbl rronpo6Ho. 0TMeTHM TOJibKO, 'ITO pa3BHTl1IO 3T0f0 pa3,l(eJia 6HOQJH311KH B 

3Ha'lHTeJibHOH Mepe cnoco6CTBOBaJIO OTKphITHe B 1951 r. liopucoM IlaBJIOBH'ICM 
lieJioycosblM (1893- 1970) Kone6aTeJihHOH peaKUHH. HaY'IHoe coo6mecTBo He 

socrrpHHHJIO pa6oTy Eenoycosa, o6'bHBHB, 'ITO rrono6HaH peaKUHH HeB03MO)!(Ha, 

H He J'IOTPYllHBillHCb nposep11Tb YTBep)!(nem1e 3aMe'laTeJibHOfO XHMHKa B na-

6oparnp1111. TaK 6h1 3Ta pa6orn 11 fama 3a6bITa, ecn11 far He npocpeccop Kacpen

pbl 611ocp113HKH cpH3qrnKa CHMOH 3JiheBff'I llIHOJih, 113Y'lasw11ii nepHO,l(H'le

cKHe npoueccbI B 611ox11M11'leCKHX CHCTeMaX. Ilo HHHL\HaTHBe H rrpH Y'laCTHH 

lliHonH, srrepsb1e Kone6aTeJibHaH peaKUHH 6hrna ocymecrnneHa s MrY 3Kc

rrepHMeHTaJihHO 11 TeopeT11'leCKl1 peaKU11H 6bIJia HCCJie,l(OBaHa BbIIIYCKHHKaMH 

Kacpenph1 A. M. JKa6oTuncKHM, B. A. BaBHJIHHhlM, A. H. 3anKHHhIM (ceH:

'lac peaKUHH Ha3hIBaeTCH «Kone6aTeJibHaH peaKUHH Eenoycosa - )Ka6oTHHCKo

ro» mrn BZ-reaction). 11 xorn 3Ta peaKUHH fama He nepsoH: 113seCTHOH Kone6a

TeJihHOH (aBTOBOJIHOBOH) peaKL(Heii, H naneKO He rrocneii:Heii 113 OTKpblThIX, 

HMeHHO OHa, BCJie,l(CTBHe csoeii OTHOCHTeJibHOH rrpoCThl H Harm,l(HOCTl1, CTH

MYJIHposana MHO)!(eCTBO HCCJie,l(OBaHHH, CBH3aHHhIX e rrpeaCTaBJieHHHMH 06 
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aKTHBHbIX cpe.nax, KOJie6aHHHX H aBTOBOJIHOBb!X npoueccax B 6HOJIOfH'leCKHX 

(6HOXHMH'leCKHX) CHCTeMax, o 6HOJIOfH'leCKHX 'lacax, HBJieHHHX caMOOpraHH-

3aQHH - MopcporeHe3a, B 'laCTHOCTH, H T. )].. 

B 20-40-e rr. XX seKa B xo.ne H3J"IeHHH npoueccos MaTep11anhHo-:rnep

reTH'lecKoro o6MeHa B 6Hoccpepe H CTaHOBJieHHH: o6meif 3KOJIOfHH KaK caMO

CTOHTeJibHOH HayKH cpopMHpOBaJICH: HOBblH HHTerpaJibHbIH no.nxo.n K HCCJie.no

BaHHHM JIOKaJibHbIX H rno6aJibHb!X 3KOCHCTeM. 

Tiocne.nosaTeJibHblM CTOpOHHHKOM TepMO)J.HHaMH'leCKOH cneuHciiHKH )f(H

BbIX opraHH3MOB 6bIJI COBeTCKHH 6HOJIOr, BeHrp no rrpOHCXO)f()J.eHHIO 3pBHH 

CuMOHOBH'I I>ayJp (1890-1942). fnaBHbIH ero TPY.Ll «TeopeTH'lecKaH 6Hono

rHH:», Bhnne.nurnif B MocKse B 1935 r. , ocHoBaH Ha npe.ncTasneHHH 06 oco6oM 

COCTOHHHH MOJieKyJI (()f(HBOfO 6eJIKa». 11 caMa )f(lf3Hb H:BJI»:eTCH CJie)J.CTBHeM 

3TOro «YCTOH'IHBO HepaBHOBeCHOfO» COCTOHHHH MOJieKyJI. OcHOBHaH KOHuen

LlHH: Eay3pa cpopMynHpyeTc»: cne.nyIOI.UHM o6pa3oM : «Bee H TOJihKO )f(HBhie 

CHCTeMbl HHKor.na He 6hIBa!OT B paBHOBeCHH H HCilOJIHHIOT 3a C'leT csoeif CB0-

60)].HOH 3HeprHH nOCTOHHHO pa60TY npOTHB paBHOBeCHH:, Tpe6yeMoro 3aKO

HaM H <PH3HKH H XHMHH npH cymecTBYIOI.UHX sHeurnHx ycJIOBHHX». Ceif'lac 

O'leBH)J.HO 3a6Jiy)!()J.eHHe Eay3pa OTHOCHTeJibHO Toro, 'ITO «TOJ!bKO )f(HBb!e CHC

TeMbI» HepaBHOBeCHbl, TepMO)J.HHaMH'leCKH HepaBHOBeCHb!MH MOfyT 6b!Tb H 

cpH3H'leCKHe H XHMH'leCKHe CHCTeMbl. 0.nHaKO B QeJIOM, npHMeHI1TeJibHO K 

6HOJIOrHH, npHHuHn ycTOH'IHBoro HepaBHosecH»: n03BOJIHJI Eay3py C03)J.aTb 

CTpOHHYIO TeopeTH'leCKyIO CHCTeMy, KOTOpaH CJie)J.CTBHeM OCHOBHOfO nocTy

JiaTa HMeJia o6MeH semecTB 11 acc11M11JI»:u1110, pa3.npa)f(11MOCTh, .neJieHHe KJie

TOK, HX poCT 11 CTapeH11e. <DaKTl1'-leCKl1 Eay3p B 'laCTl1 CB011X paccy)f()J.eHHH yc

TOH'IHBOe HepaBHOBecHe opraHH3MOB paccMaTp11saeT KaK cJie)J.CTB11e 11x Tep

MO.L\l1HaM11'-lecKoif OTKpblTOCTH, 113-3a 'lero npo11CXO)J.11T y.naJieHHe )f(HBbIX 

Cl1CTeM OT paBHOBeCl1H (B OCHOBe - l(l1KJll1'-leCKHH npouecc e o6paTHbIMH 

CBH3HMl1 nepBOHa'laJibHOfO «na.neHl1H» Cl1CTeMbl 113 HepaBHOBeCHOro COCTOH:

Hl1H 11 nocne.nyIOmero npouecca «.nerpa.nau1111 nHI.UH»). 3aMe'laTeJibHO, 'ITO 

Eayi p ccpopMyJI11posaJI csoif np11Hu11n paHee 1935 r ., rnr.na KaK 3HepreT11'-le

cKoe conp»:)!(eH11e KaK OCHOBa 6110TepMO)J.HHaMHKl1 6bIJIO OC03HaHO J!Hillb no

CJI°e pa6oT 1939-1941 rr. 

3Ha'-111TeJibHOe '111CJIO cpepMeHTaTl1BHbIX peaK1(11H BKJIIO'laeT conpH)f(eH11e 

.nsyx 11JI11 6oJiee npoueccos, 3Hepro.noHopHhIX 11 3HeproaKuenTOpHbIX, CB»:3bI

Bamm11x pa3Hbie x11M11'-lecK11e npespameH11H 11JI11 x11MwiecK11e npespameH11»: e 

npoueccaM11 nepeHoca. B cJiy'lae Kor.na 3HepreT11'-leCKH HeBhirO.LlHO He3as11c11-

MOe cnoHTaHHoe npoTeKaH11e scex 3THX npoueccos, a conpH)!(eHHOe - B03-

MO)f(HO, )J.JIH on11caHl1H: Cl1CTeM, He3Ha'-111TeJibHO y.naJieHHbIX OT TepMO)J.HHaMH

'leCKOfO paBHOBeCl1H:, 11CI10Jlh3YIOTCH JIHHeHHbJe cpeHoMeHOJIOfl1'-leCKl1e COOT

HOWeHl1H:. 0Hl1 6bIJil1 npe)J.JIO)f(eHbl B 1931 r . aMepHKaHCKl1M cp11311KOXHMl1KOM 

HOpBe)f(CKoro rrpo11cxo)f()J.eH11»: JiapcoM OH3arepoM (1903- 1976), pa3pa6o

TaBWl1M OCHOBY TeOpH11 Heo6paTl1MbIX XHMl1'-leCKHX npoueCCOB (TeopeMa 0H-

3arepa) 11 y.nocrneHHbIM s 1968 r. Ho6enescKoif npeM1111. Teop11»: OH3arepa 
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( 1931) 1103BOJil1JJa Bbll!Bl1Tb Ba:>KHbie 06Il.(11e COOTHOWeHml B HepaBHOBeCHOH 

TepMO)ll1HaM11Ke B JIHHeHHOH o6JiaCTH B6JIH3H COCTOllHHll paBHOBeCl1ll. 

HayqHhie pa1pa60TKH B 06JiacT11 3KOJior1111 scer)la 6hIJ111 npe)lcTasJieHhI 

OlfeHb W11pOKl1M cneKTpOM 11CCJie)loBaHl1H. 

1'I30ecrnb1if <PpaHuy1cK11if 100Jior Jlcu)lop 'ìKolj>lj>pya CeHT-Hnep (1805-
1861 ). 11MeHHO ero, a He feKKeJil! K. <D. PyJihe Clfl1TaJI ocH00onoJio)l(Hl1KOM 

3KOJior1111. EMy rrp11Ha)lJie)l(HT 1acJiyra rrpaKT11lfecKoro rrp11MeHeHHll 100Jiorm-1 B 

o6JiaCTH aKKJIHMaTH3aU1111 H HCCJie)lOBaH11e BOIIpoca o rrpo11cxo)l(LJ:eH1111 )lO

MaWHHX )1(11BOTHblX. 

B 1863 r . B ClllA orry6JIHKOBaHa KH11ra O)lHOro 111 BhI)la!Oll.ll1XCH aMep11-

KaHCK11x naJieOHTOJioros XIX B. 0THuena qapn1>1a Maprna ( 1831 - 1899) 
«qeJIOBeK H np11po)la, 11Jll1 o BJ!Hl!Hl1H lfeJIOBeKa Ha H3MeHeHl1ll <l>H3HKO

reorpa<P11lfeCKHX YCJIOBl1H rrpHpO)lhI», r)le BrrepBbJe 6brno CKOHUeHTPl1POBaHo 

BHl1MaHHe Ha 113MeHeHl1llX, KOTOpbie BHOCHT B rrp11po)ly aHTPOIIoreHHal! )lel!

TeJihHOCTb. 

HeMeUKHtt rn)lpo6110Jior Kapn A. Meouyc (1825- 1908) 0 csoeif He-

6onhwoif pa6oTe «YCTPHUhI H YCTPHlfHoe X03l!HCTBO» ( 1877) BBO)ll1T TepM11H 

«611oueH03» . 3TO IIOJIO)l(HJIO HalfaJIO 3KOCHCTeMHblM (611oueHOJIOrnlfeCKl1M) 

11CCJie)lOBaH11llM . 

A0cTp11ifcK11fi yqeHhIH 3)lyapti: 3rocc (1831-1914), O)ll1H 111 caMhIX BhI

ti:a1-0m11xcl! cospeMeHHhIX reoJioros, np110eJI 0 CTPOHHYIO c11cTeMy 0a)l(Hefiw11e 

<PopMbl 3eMHOH IIOBepXHOCTH H ycTaHOBl1Jl 3aKOHOMepHyJ-O CBll3b COBpeMeHHO

ro pacrrpe)leJieH11l! Mopefi, OKeaHOB, MaTepHKOB 11 ropHhIX ueneif e reoJior11lfe

cKoi1: ttcrnp11ei1: 1eMJI11 (Das Antlitz der Erde, 1883-1888). B 11cTop1111 3KOJiorn11 

OH OCTaJICll KaK aBTOp IIOHllTHll « 611oc<Pepa» . 

Bnepsbie TepMHH «3 KOJIOrl1ll» B ero cospeMeHHOM rroH11MaH1111 rrpo3BY'faJI 

B KH11re «Bceo6Il.(al! Mop<PoJIOrnll opraHH3MOB» ( 1866) HeMeUKOro 611onora 11 

3BOJll-OUHOHl1CTa 3pHCTa reKKem1 ( 1834- 1919). 3TOT TPYLI 6brn «HaBellH MY-

3b!KOH» 11)lei1: )J,ap011Ha. OrrttpaHCh Ha 3TY Teop111-0 H Ha )laHHhie 3M6pttoJiorn11, 

feKKeJih C)leJiaJI ITOITbITKY )laTb paUHOHaJibHYIO Cl1CTeMy )l(J1BOTHOr o uapCTBa, 

OCHO.BaHHYIO Ha <P11JioreHHH )1(11BOTHbIX (T. e . rrpo11CXO)l()leH11H pa3JIHlfHbIX 

rpyrrrr )l(HBOTHhIX O)lHHX OT !lpyrnx). EMy np11Ha)lJie)l(HT MhICJih o Cyll.(ecrno

BaHHH B 11CTOp114eCKOM rrpOWJIOM <PopMbl, rrpoMe)l(YTOlfHOH Me)l()ly o6e3b l!HOH 

11 lfeJIOBeKOM, lfTO 6bIJIO IT03)1(e IIO)lTBep)l()leHO HaXO)lKOH Ha o. 5Isa OCTaHKOB 

ITHTeKaHTPOITa. B HaCTOl!Il.(ee BpeMll ycTaHOBJieHo, lfTO y qeJIOBeKa 11 COBpe

MeHHbIX o6e3hl!H 6brn 06Il.(11H rrpe)lOK. feKKeJih pa1pa60TaJI Teop111-0 rrpo11cxo

)l(LJ:eHHll MHOroKJieTOlfHhIX (Teop11l! raCTPYJihI) (1866). B HacTOl!Il.(ee speMll 

3BOJIIOUHOHHCTbl Hapll)lY e Teop11efi raCTPYJibl paccMaTp11BaJ-OT TeOp111-0 <Paro

UHTeJIJihl , rrpe)lJIO)l(eHHYIO 11. 11. MelfHHKOBhIM. Oco6eHHoe BH11MaH11e o6paTHJI 

Ha Ba)l(HOe 3HalfeH11e HCTOpH11 p33BHTl1ll HH)lHBH)lyaJihHOrO, HJil1 OHToreHHll, 

)lJlll sorrpoca o rrpoHCXO)l()leHHH caMoro 011)la 11n11 ero <P11noreH1111 . OH c<Pop

Myn11posaJI 611oreHeT11lfeCKl1H 3aKOH, cornaCHO KOTOpOMY Ka)l()lb!H BH)l IIOBTO-
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psieT CBOIO 3BOJIIOU110HHYIO 11CTOp11!0 B XO)l,e 3M6p11onor11qecKoro pa3Bl1Tl1R 
( cjmnoreHe3 s OHToreHe3e ). 

B 1899 r. aMep11KaHCK11ìf reo6ornH11K feupu KoyJic BhI,Zl,B11raeT If)l,eIO o CYK
ueccHRx (cMeHax BH,Zl,OB) pacT11TeJJbHOro noKposa e Te'-!eH11eM speMeH11. A reop11IO 
C)'KUeCCl111 )l,eTaJibHO pa3pa6oTan ero COOTe'-!eCTBeHHl1K <l>pe,Zl,epHK KJieMeHTC B 
1916 r. OH npl1llleJJ K Bb!BO)l,y, '-ITO OCHOBHbIM cj>aKTopoM, onpe,Zl,eAAJOIU11M COCTaB 
ycroìfq11soro KJIHMaKCHOfO coo6mecTBa, RBJIReTCR KJil1MaT 11 qro B )l,aHHbIX KJil1Ma
TttqeCKl1X ycJIOBHRX MO)!(eT cyruecTBOBaTb TOJibKO 0)1,HO KJil1MaKCHOe coo6ruecTBO. 

BuKTop 3puecr lllemj>opi:. (1877- 1968), aMep11KaHcKuìf cneu11an11cT s 
o6naCTl1 3KOnoro-cp11311onor11qecKOH 611oreorpacp1111 )!(11BOTHbIX, OCHOBHbie Ha
yqHb!e pa6oThI nocssiT11n Teop1111 11 TepM11Honor1111 611oueHonor1111. 1'f3yqasi 
BJJl1RHHR KJJHMaTa Ha coo6ruecTsa, OH snepsb1e on11can np11po,Zl,y CesepHoìf 
AMep11Kl1 e 3KOJJOr11qecKOH TOqK11 3peHl1R 11 BBen OOHRTl1R «3KOJ10fl1'-!eCKl1H 
ODT11MYM» 11 (()KOJ10fl1qecKaR saneHTHOCTb». 

Oco6oro BH11MaH11si 3acn~11saeT sen11K11ìf reox11M11K, 611onor 11 3Konor 
BJiaAHMHp llBaHoBnq Bepuai:.cKuii ( 1863- 1945), oCHosaTenh reox11M1111, 
fo10reox11M1111, pa,Zl,11oreonorn11. BepHa)l,cK11ìf ocHosan 611oreox11M11'-!ecKy10 na-
6opaTop1110 ( 1929), Hb!He CTaBIIIYIO l1HCTI1TYTOM reOXl1Ml1l1 11 aHaJII1TJ1qeCKOH 
x11M1111 PAH HM. BepHa,Zl,cKoro, 11 sisnsieTcsi aBrnpoM rpy,Zl,os no cp11nococj>1111 ec
TecTB03HaHHll 11 HaYKOBe)l,eH1110. BepHa,Zl,CK11ìf nepsbIM npe,Zl,JJO)!(l1JJ KOMnneKc
Hhrìf CTO,Zl,XO)l, K myqeHl1lO OKpy)!(aIOrueìf cpe,Zl,bl, OCHOBbIBa!OIU11HCll Ha B3al1MO
)l,eìfcTBI111 611onor1111, reoJJor1111, x11M1111. BepHa,ncK11ìf cpaKT11qecK11 3aJIO)!(l1JJ Ha
yqHhie OCHOBbI cymecTBOBaHHR 3KOJI0fl111 KaK OT,UeJJhHOH HayK11, TaK KaK .uo 
Hero 3Konornsi 6hlna npe,ncTasneHa TOJJhKO np11po.uononh30BaH11eM 11 pecypco
oxpaHHhIM HanpasneH11siM11. KpoMe Toro, B n11Teparype 3a BepHa,ncK11M 3aKpe
n11noch aBTOpCTBO Jl0HRTI1R «HOOccpepa». 

B .ueìfcrn11TenhHOCTI1 noHRTHe «Hooccpepa» ssen cppaHUY3CKI1H cj>11nococp 
3i:.ypi:. Jlepya (1870-1954). )J,pyr 11 e,U11HOMbIIIIJJeHH11K rr. Teìfsipa .ue lliap.ue
Ha, Jlepya C03,nan 3BOJJlOU110HHYIO KOHuenu11JO, B KOTOpoìf DOObITaJJCR corna
"cosaTb KaTon11'-!ecK11e .uorMaThr e cpaKTaM11, HaKonneHHhIMH naneoHTonor11eìf 11 
aHTpononor11eì1, 11 HOBeHIII11Ml1 OTKpbITl1RMl1 B 611onorn11. 11CXOM !13 6eprco
HOBCKOH 11.ue11 )!(113HeHHoro nophrna, cq11Tan, qTo e nosisneH11eM qenoseKa KaK 
HOC!1TeAA Pa3YMa 3BOJJIOU11ll 611occpepbl np1106pena Ka'-!eCTBeHHO HOBb!H xa
paKTep, a HMeHHO - nepexo.u OT 611occpephr K Hooccpepe, ccpepe Pa3YMa. Jlepya 
pa3pa6aThIBaJJ KOHUeCTUI1lO HOOCcpepbl COBMeCTHO C IJ. TeìfsipOM ,ne llJap,neHOM 
11 snepsb1e ynorpe611n B KOHUe 1920-x rr. TepMI1H «Hooccpepa». 

Ilhep TenHp .ue lllap.ueu ( 1881-1955), <!>pattuy3cK11ì1Teonor11 <1>11noco<1>, 
CBRIUeHHl1K 11e3y11T 11 O,Ul1H 113 C03,UaTeneì1 Teop1111 Hooc<t>epbr. BHec orpOMHbIH 
BKna.u s naneoHTonor11JO, aHTpononornIO, cp11noco<1>mo 11 KaTon11'-!ecKyJO Teo
norn10 co3,nan csoero po.ua Cl1HTe3 KaTon11qecKoìf xp11cT11aHcKoìf rpa,Zl,11u1111 11 
cospeMeHHOH Teop1111 KOCMH'-!eCKOH 3BOJJIOU1111. OH, K CO)!(aJJeHI1lO, He OCTaBHJJ 
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nocne cefo1 HM lllKOJlbl, HH npl!MblX yqeHHKOB, HO ero KOHUenuH.H HOOccpepbl 

OKa3a.Jia orpOMHOe BJlHl!Htte Ha pa3Bl1Ttte cospeMeHHOH HayKtt. 

BJia,ll.HMHp HuKOJiaeBH'I CyKa'leB ( 1880-1967), coseTCKHH 6oraHttK, 

reorpacp Jj necose,ll., 0,11.MH H3 OCHOBOIIOJJO)!(HHKOB 6ttoreoueHOJlOfHH, C03,ll.aTenh 

reo6oraHw1ecKoii lllKOJJhl B CCCP, aKa,ll.eMttK AH CCCP. Bsen noHl!Ttte «6tto

reoueH03», rpaKryl! ero KaK e,ll.HHYIO repMO,ll.HHaMH'leCKYIO CHCTeMy. 

CTauucJiaB CeMeHOBH'I illBapu (1919-1976), coseTCKttH 100Jior, aKa

,ll.eMttK AH CCCP. cqiepa Hay'IHOH ;:i:el!TeJlbHOCTH B o6nacTH TeopeTH'leCKOH 

3KOJI0fttl1 : o60CHOBaJJ IIpe;:i:crasJieHttl! 06 3KOJIOfH'leCKHX MexaHH3Max 3BOJIIO

UHH )!(lfBOTHblX, pa3pa6oTaJI reopttlO yIIpasneHttl! Ha'laJlhHblMH 3TaIIaMH 3BO

JllOUHOHHOfO IIpeo6pa30BaHHl! nonynl!UHH )!(lfBOTHblX. 

JleOHTHH rpuropLeBH'I PaMeHCKHH (1884-1953), pyccKHH 6oTaHHK, 

reo6oraHHK, 3K0Jl0f pacTeHHH Jj reorpacp. OH 6bJJI O!J:HHM 113 OCHOBOIIOJIO)!(Hl1-

KOB yqeHHl! o MOpcpOJIOfHH reorpacpw1eCKOro JiaH;:i:ll!acpra, cornaCHO KOTOpOMY 

reorpacp11qecKHH naH;:i:lllacpr - repp11rop11l!, O,ll.Hopo,11.Hal! IIO csoeMy rrpottcxo

)1(,ll.eHHIO 11 HCTOpHH pa3BHTHl!, 06Jia;:i:a10ll.{al! e)ll1Hb1M reonor11qecKl1M cpyH;:i:a

MeHTOM, O!J:HOTHIIHblM peJibecpoM, o61l.{HM KJll1MaTOM, e;:i:11Hoo6pa3HblM CO'leTa

Hl1eM r11;:i:porepM11'1eCKl1X ycJIOBl1H, IIO'IB, 611oueH030B 11 3aKOHOMepHblM Ha6o

poM MopcpoJior11qecK11x qacreii. PaMeHCKHH cq11raJI, 'ITO pacT11TeJibHOCTh -

3TO HeIIpephIBHal! M03aHKa IIOIIYJil!U11H 811,llOB pacTeHHH, CBl!3aHHbIX ycnoBHl!

MH cpe,11.hl, a IIOTOMY Ka)!(,ll.blH BHLl HH,[lHBH,[lyaJihHO pacIIpeneJieH B IIpocrpaH

CTBe 11 pear11pyer Ha H3MeHeH11e cpenh1 0611raHttl!. Pa6orb1 PaMeHCKoro IIO 

reop1111 qmroueHo30B IIOJI)"IHJil1 lllttpoKoe IIptt1HaH11e. 

AHrn11iicK11ii 6oraH11K ApTyp TeucJiu (po;:i:. 1935) ssen IIOHl!Ttte 3KOC11-

creMbI. B pe1yJihTare o6beKTOM 111yqeHttl! cpopM11py10IUeiicl! o6meii 3KOJiorn11 

CTaJIH He TOJibKO OT,lleJJhHbie 811,[lhl 11 IIOIIyJil!l.{1111, HO H 3KOCl1CTeMbl. C 3T0f0 

BpeMeHH B o6meii 3KOJIOfHH 'leTKO BhI,[leJJl1Jll1Ch ;:i:sa HaIIpasJieHH.H - ayr3KO

Jl0fHl! H CHH3KOJIOrHl!. A B 1942 r. aMepttKaHCKttH yqeHhIH PaiiMOH!J: Jluu;:i:e

Mauu tt3JIO)!(HJI OCHOBHhie MeTOLlhI pacqera 3HepreTtt'lecKoro 6anaHca 611ono

r11qecKHX npoueccoB B 3KOCl1CTeMaX, 'ITO C,ll.enano 3KOCHCTeMHbie HCCJie;:i:osa

Hm'l 0,[lHl1M11 H3 OCHOBHblX HaIIpaBJieHHH B 3KOJIOfHH. 

BJia,ll.HMHp HuKoJiueBH'I l>eKJieMurneB (1890- 1962), coseTCKHH 100Jior, 

neiicrs11reJihHhIH 'IJieH AMH CCCP (1945), 1acn~eHHhIH ;:i:el!TeJib HayKH 

PC<DCP (194 7), IIpocpeccop Ka<Pe,ll.pb1 100Jiorn11 11 cpasHttTeJihHOH aHaTOMHl1 

MfY Pa3pa6oTaJI ocHOBHhie rroHl!THl! 611oueHoJior11qecK11x s1a11MOOTHorneHHH 

Me)!(,ll.y )!(HBOTHhlMl1 cyw11. 

Oco6oe Mecro B 06Jiacr11 CTaHOBJieHttl! 3KOJior11H KaK c11creMuoii uayK11 

np11Hanne)!(ttT H. H. PeiiMepcy 11 H. H. Mottceesy. 

CosercKHH yqeHhIH-TeopernK HuKoJiaii cl>e,ll.opoBH'I PeiiMepc (1931-1993) 
Ha 6a3e 6ttOJIOfHH 11 HayKH o CMCTeMax IIpe;:i:cTaBHJI o6myw 3KOJJOflfIO KaK 

seprnttHy ecTeCTB03HaHttl!, CBl!3aHHYIO e aKryaJJbHhIMl1 rrpo6JieMaMtt UHBHJ1113a-
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U1111. TpeMH OCHOBHhIMH pa60TaM11, B KOTOphIX ITO)J.Be)J.eH 11TOf MHOfOJieTHl1M 

TeopeT11<IeCKl1M 11 rrpaKT11<IeCKHM l13hICKaH11HM Peì1Mepca, cTan11 cnosaph-crrpa

BO'!Hl1K «Ilp11po.nonOJih30BaH11e» ( 1990), «florrynHpHhIH 6110JIOfH'!eCKHH CJIO

Baph» ( 1991) 11 MOHorpacli11H «Ha.ne)!()J.hI Ha BhJ)J(l1BaH11e qeJioseqecTBa. KoH

uerrTyaJihHaH 3KOJIOfHH» (1992; rrepe113)]. . , 1994 ). B ITOCJie)J.HeH KH11re, BrrepBhie 

B pyccKOH3hllfHOH Jll1Teparype, OH )J.aJI <l>opMyn11pOBKl1 11 Cl1CTeMaTl1311pOBaJI 

6onee 200 3KOJIOrH'feCKl1X 3aKOHOB, npaBl1Jl 11 rrp11HUl1ITOB. 

HmrnTa Hmwnaesuq Moucees (1917-2000), 011)].HhIH coseTcK11ì1 yqe

Hh1ì1 B 06nacT11 o6meì1 MexaH11K11 11 np11KJia)J.Hoì1 MaTeMaT11K11, aKa)J.eMHK AH 
CCCP (1984) 11 PACXH ( 1985), noqfaHhIH lfJieH Pocc11ì1cKoì1 aKa)J.eM1111 ecTe

CTBeHHhIX HayK (PAEH), lfJieH Me)!()J.yHapo.nHoì1 aKa.D.eM1111 acrpoHaBTl1Kl1 (Ila

ptt)!(), npe311.D.eHT Pocc11ì1cKoro OT)J.eJieHttH «3eJieHoro KpecTa», npe311.D.eHT 

PoccJ.Iì1cKoro Hau110HaJihHoro KOMHTern co.neì1cTB11H ITporpaMMe OOH rro ox

paHe 0Kp~a10meì1 cpe.D.hI, npe311.neHT Me)!()J.yHapo.nHoro He3aBJ.ICJ.IMoro 3KO

noro-rron11ToJiornqecKoro yH11sepcJ.1Tern (MH3TIY) ( 1984-2000), rnaBHhIH 

pe.naKTop )!(ypHana «3KOJIOrHH H )!(113Hh» (1995-2000). OCHosaTeJih 11 PYKOBO

)J.ttTeJih uenoro PH.D.a HayqHhIX IIIKOJI, cneuJ.IaJIHCT B o6JiaCTl1 Cl1CTeMHOfO aHa

Jil13a, MO)J.en11posaH11H 11 rrporH0311pOBaHHH, MaTeMaTl1K. 060CHOBaJI Heo6xo

)J.11MOCTh K03BOJIIOl..{HOHH0f0 pa3BHTHH '!eJIOBe'!eCKOfO o6mecTBa, BKJIIO'!aH BCe 

COUHaJihH0-3KOHOMl1lfeCKl1e 11 ITOJIHTl1qecK11e MeXaHH3Mhl 611oreocqieph!. 

qpe3Bh!lfaHHO 60Jihll!Oe 3HaqeHJ.Ie )J.JIH pa3Bl1Tl1H 3KOJI0fl111 OKaJaJia CJ.1Hep

reT11Ka, OCHOBaTeJieM KOTOpOH ClfHTaeTCH HeMeUK11H <l>11311K-TeopeTHK repMaH 
XaKCH ( 1927), HBJIHI01Ul1HCH 113)].aTeJieM IIIrrp11HrepoBCKOH cep11H KHJ.lf rro c11-

HepreT11Ke, B paMKax KOTopoH: K HaCTOHllleMy speMeH11 orry6Jil1KOBaHO ~e 

69 TOMax. 

B cseTe cospeMeHHhIX CJ.1HepreT11lfeCK11x ac neKTOB 3Kon orn11 Heo6xo)J.HMO 

TaK)!(e OTMeTHTh BKJia)J. HeMeUKOfO MaTeMaT11Ka repMaua Beiim1 (1885- 1955), 
3aJI0)!(11BIIIero OCHOBhl Cl1MMerpHH KaK rrpOHBJieHl1H c aMoopramnau1111. CymecT

BeHHO, qTo orpoMHoe BJIHHHJ.Ie Ha pa60Thl Beì1JIH , xapaKTep113yeMhie CHM6110-

30M cli11311K11 11 MaTeMaT11K11, OKaJan <l>enuKc Kneiiu, MaTeMaT11<IeCK11e 11HTepech1 

KOTOporo OTJil1lfaJIJ.!Ch rny60KHM 11HTepecoM K <I>m11lfeCKl1M rrpoueccaM. B '!aCT

HOCTl1 KOHl..{errum1 Kneì1Ha 06 «aBTOMop<l>H3MaX», CBH3hIBal01UaH reoMerp11!0 e 

11.neeì:\ Cl1MMerp11H - CTaJia OCHOBOH )J.JIH Ha116onee 11HTepeCHhlX pa6oT Beì1JIH. 

BTOphIM 6a30BhlM «CTOJIITOM)) B ero yqeHl1H CTaJia Teop11H MHOfOMepHhIX 11C

Kp11BJieHHhIX «pHMaHOBhlX rrosepxHOCTeH», cornaCHO KOTOpoì:\ BCH rrosepx

HOCTh rrpocrpaHCTBa JII06oro lfHCJia 113MepeHl1H MO)!(eT 6hITh COCTaBJieHa J.13 

((fIJIOCK11X» yqacTKOB, a KpHBl13Ha 3TOH rrosepXHOCTH orrpe.nenHeTCH ITOJIO)J(e

H11eM yqacTKOB OTHOCHTeJihHO .npyr .npyra (3a pa3Bl1THe 3TOH Teop1111 B 1925 r . 

Beì1Jih 6hrn Harpa)!()J.eH rrpeM11eì1 HM. H . I1 . Jio6aqescKoro ). Ho HMeHHO CHM

MerpHH, KOTOPYIO caM asTop HaJhIBaJI «rapMOHHeì1 rrporropuHì1», cTana o.nHoì:\ 

113 Ba)!(Heì1nrnx COCTaBHhlX 3BOJIIOUH11 rrp11pO)J.hl H o6mecTBa 11 11X MaTeMaTH'-!e 

CKOfO OITHCaHHH . 
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KaK 113BeCTHo, repMttH «3Konormm rrpeMm1mn B 1866 r. 113BeCTHhIH HeMeu

Kl1H eCTeCTBOl1CllhITaTeJlb 3pHCT feKKeJlh .[\JUI o603HaYemui «06ll.leH ttay1m 06 OT

HOIUeHJffiX opraHl13MOB e OKp)')KaIOll.leH cpe.noì1». B COOTBeTCTBtte e rrpeMmKeH

HOH f eKKeneM 11epapx11'ieCKOH Knacc11cti11Kau11eì1 611onorl1Lf eCK11x Ha)'K, 3Konormi 

sxo.n11na B COCTaB qi11311onor1111 11 .na)Ke 11Mettosanach «ctil13110JIOmeì1 B3a11MOOT

HOWeHl1H». CYll.lecTBetttto, YTO so speMetta feKKem1 rro.n «ct>11311onomeì1» rro.npa-

3YMesanocb rrpe)K,Ue scero l13yYett11e .n11ttaM11LfecK11x xapaKTep11CT11K )!(113He,neH

TeJihHOCTl1 opratt113MOB. Ho rrpet\JIO)!(eHHhIH HM TepM11H «3Konormi» .nonroe speMH 

11crronh30BanCH B KaYeCTse pa3,nena 611onom11, XOTH )')Ke B XIX B. crnno O'ies11.ntto, 

LfTO 3Tl1 rpatt11Uhl TeCHhl .[\JUI B03Hl1KWero HOBOro ttarrpasnettmi HayYHOH MhJCJll1. 

H TOJlbKO K 20--40-M IT. xx B. 3KOJ!Ortt.ll CTaHOBl1TC.ll uenOCTHOH Ha)'KOH, ttMeIO

ll.leH co6cTBeHHh1e uen11, 3a,naY11, 06heKTu1 11 MeTO,nhI 11ccne.nosattmi. 

Ilo KOJitt'ieCTBY ttarrpasnett11H: 3KonomH - ttayKa ytt11KaJ1hHaH. TeMaT11Ka 

3KOJ1or1111 YaCTO rrepeceKaeTCH e TeMaTl1KOH OT,neJibHhIX HarrpasneHl1H ecTeCT

B03HaHttH (611onor1111, cti11311Kl1, X11Ml111, qi11311onor1111, reHeTl1Kl1, 611octi11311Kl1, 

611ox11M1111, reonor1111, reorpaqi1111, IlO'iBOBe)leHl1H, Teop1111 3BOJIIOU1111 11 T . .n.) 11 

cou11aJ1hH0-3KOHOMl1LfeCKl1X HayK. 3Tl1M orrpe.nen.lleTCH ctiopM11poBatt11e MHO

)KeCTBa corrpH)!(eHHhIX HarrpasneHl1H, TaKl1X KaK 3KOJIOrl1LfeCKaH cti113110JIOrl1H, 

u11T03KOJ1or11H, rrpo,nyKU110HH0-3HepreT11YecKa.ll 3Konor11H, 3BOJIIOU110HHaH 3KO

norttH 11 .npyr11e, BITJIOTh .no 3Konor1111 YenoseKa. 

E11oqi11311yecKaH 3Konormi B uenoM rrpe.nrronaraeT paccMOTPett11e tta1160-

nee 06ll.111X MexaHl13MOB ( cti11311KO-Xl1Ml1LfeCKl1X, TepMO,U11HaM11LfeCKl1X, Kl1HeT11-

YeCKl1X, c11ttepreT11YeCKl1X 11 T . .n.) Ba)!(HeHlIIHX rrpouecCOB B 3KOCl1CTeMax scex 

ypOBHeH CJIO)!(H0CTl1 - OT KneTKl1 .no reo611ocqiepb!. 
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,,JI11rreuKM raJern"», 2009. 325 c. 
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<f>H3HKO-XHMHqecKHe OCHOBbl 

OllHCaHIDI 6HonorHqecKHX CHCTeM 

Bee cyw.ecrsy10w.ee ecrb npoHs11eHHe coorno
weHHfl pa31\H4HblX BHAOB 3Heprni1, KOTOpoe MO>KeT 
6b1Tb OnHCaHO B paMKax 3aKOHOB H <j>OpMyl\ repMO
AHHaMHKH. 

<tJ. B. Ocrsa11bA 

Orrncatt11e 6110Jior111recK11x c11cTeM OCHOBbIBaeTc51 Ha MO.L(eJibHhIX npe.L(

cTaBJieH115lx o c11cTeMe 11 o MexaHl13Max npou;eccos B Hei'i. MexaH11cT111recK11e 

MO.[\eJI11 orrpaB.[\b!Bal:OT ce651 np11 MaJIOM KOJil1'IeCTBe :meMeHTOB Cl1CTeMbl 11 

rrpOCTb!X JaKOHax 11X B3al1MO.[\eHCTBl1H. Ho .L(a)Ke B MexaHl1Ke 3a.[\a'Ia Tpex TeJI 

)')Ke He pernaeTc51 B o6ru;eM s11.L(e. CJIO)KHOCTh orrncatt115! 6oJiblIIl1HCTBa np11-

pO.L\HhIX Cl1CTeM rrp11BeJia K pa3pa60TKe MeTO.[\OB, onep11pyiom11x He .L(eTaJibHbI

Ml1 rrapaMeTpaM11 COCT051Hl151 Cl1CTeMbI, a HeKl1Ml1 ycpe.L(HeHHb!Ml1 ee xapaKTe

p11CTl1KaMl1. K TaKl1M crroco6aM orr11caH115! CJIO)KHbIX c11cTeM OTHOC51TC51 TepMo

.L\l1HaM11Ka 11 crnT11CTl1'IeCKa5! cp11311Ka. MeTO.L\hI 3Tl1X 6Jil13KOpO.L\CTBeHHhIX HayK 

xoporno pa3pa60TaHbl .L\Jljl paBHOBeCHb!X 11 CJia6o HepaBHOBeCHb!X Cl1CTeM , no-

3TOMY K 6110Jior11'1eCKl1M Cl1CTeMaM 11X MO)KHO rrp11MeHj!Tb TOJibKO e COOTBeTCT

BYJOiu;l1Ml1 orosopKaM11. 

Tep,woÒuHaMUKa HarrpasJieHa Ha l13Y'JeH11e B3a11Mocs513eti Me)K.L\Y 3 Hepr11-

eti, TerrJio'roti, pa6oTOH 11 TeMrrepaTypoti . TerrJiorn - O.L(Ha 113 cpopM :rneprn11, 

HO oco6a51, rrocKOJihKY B npou;eccax cnoHTaHHOH .L(erpa,L\au;1111 3Hepr1111 np11 

rrp116JI11)KeH1111 scex HepaBHOBeCHblX Cl1CTeM K paBHOBecmo .L\pyr11e cpopMbl 

3Hepr1111 nepeXOMT B cpopMy TenJIOBOH 3Heprn11. 3TOT rrpou;ecc, Ha3bIBaeMbIH 

.[(11cc11naQ11eì:I 3Hepr1111, MO)KeT conpoBO)K.L(aTbCjj 11JI11 npoQeccaM11 caMoopra

H11JaQ1111 B Cl1CTeMe, 11Jil1 coseprneH11eM «nOJie3HOH» pa60Tbl, eCJil1 ycTpOHCT

BO caMoH c11cTeMbI noJBOJijjeT 3TO ocymecTBl1Th. TI0M11Mo TenJIOBOH, 3Hepr1151 

MO)KeT cymecTBOBaTh B cpopMaX 3JieKTp11'IeCKOH, MarHl1THOH, Xl1Ml1'IeCKOH, 

51.L(epHOH 11 T . .[(. TepMo.[(11HaM11Ka cnoco6Ha B o6o6ru;eHHOM Bl1.L\e paccMaTp11-

saTb B3al1MOIIpesparu;eHl151 scex Bl1.[\0B 3Hepr1111, B TOM 411CJie Xl1Ml1'IeCKOH, 

Y'JaCTByI:Oru;eti so scex fa1occpepHbIX rrpoQeccax . .ll:JI51 TepMo.[(11HaM11K11 6110Jio

r11'IeCK11x Cl1CTeM np11Hll;l1IIl1aJibHO Ba)KHO TO, 4TO rrpoQeCCbl, rrpo11CXO.L\5!Iu;l1e 

B Hl1X, B OTJil1'-111e OT TenJIOBbIX Marn11H, pa3Bl1Bal:OTC51 B 1130TepM114eCK11X yc

JIOBl151X. 
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Kll.accu'lecKafl (paeHoeecHaR) mepMOÒUHa.MUKa - HayKa o caMhIX 06uu-1x 

CBOHCTBax MaKpOCKOfII1'IeCKl1X Cl1CTeM, HaXO)l5!Ull1XCH B COCTOHHl111 TepMO.[(l1-

HaM11YeCKoro paBHOBec11si , a TaIOKe nepexo.nax Cl1CTeM Me)l(.[(y 3Tl1Ml1 COCTOH

Hl1HMl1 (HayKa o 3aKoHax npeo6pa30BaH115! 11 nepe.naY11 :1Heprn11). TepMOL\11Ha

MMKa 6a111pyeTCH Ha psi.ne cpyH.naMeHTaJlhHh!X npMHI..\MfIOB (HaYaJI), KOTOphre, B 

CBOIO oYepe.nh, 5!BJIHIOTCH 0606meH11eM 3Kcnep11MeHTaJihHhIX .naHHhIX. Knac

c11yecKa5! TepMo.n11HaM11Ka He paccMaTp11saeT CTPYKTYPY semecTsa, 111 KOTopo

ro COCTOMT KOHKpeTHaH TepM0.[\11HaMl14eCKaH Cl1CTeMa, MexaHl13Mhl npOI..\eCCOB 

· npeo6pa30BaH11si cpopM 3Heprn11 11 11CKJIIOYaeT 113 paccMOTpeH11tt speMsi. BMe

cTe e TeM TepMo.n11HaM11Ka no3BOJI5leT 113yYaTh Ha116onee 06m11e nepexo.nh1 Me

)1(.[(y pa3Jil14Hh!Ml1 (arperaTHhlMl1, Kp11CTaJIJil14eCK11Ml1, 3JieKrp114eCKl1MM, Mar

Hl1THh!M11) cp113114eCK11Ml1 COCTOHHl15!Ml1 semecTBa (cpa30Bh!e nepeXO.[(hl) 11Jil1 

06m11e xapaKTep11CTl1Kl1 XMMl14eCKMX npeBpameHl1H. 

TepMo.n11HaM11Ka 11cTop11YeCK11 B03H11KJia KaK 3Mn11p11YecKasi HayKa 06 oc

HOBHhIX cnoco6ax npeo6pa3oBaHl15! BHyrpeHHeìf 3Hepnrn HarpeThIX Ten B Me

xaH11YecKyIO, KaK COI..\11aJlhHhIH 3aKa3 Ha TefIJIOBhie MaW11Hhl CO CTOpOHhl Ha611-

pasweìf TeMn npOMhrwneHHOH peBOJIIOu1111. 0.nHaKo B npouecce csoero pa1s11-

T11si TepMO.[\l1HaM11Ka npOHl1KJia BO Bee pa3.neJihl cp11311KM, cp113114eCKOH Xl1Ml111 11 

611ocp11311Kl1, r.ne B03M0)!(H0 BBeCTl1 fIOHHTJ1e «BHyTpeHHHH 3Hepr11si CMCTeMhI», 

11 Il03BOJil1Jia TeopeT114eCKl1 npe.ncKa3aTh MHOr11e HBJieHl1H 3a.nonro .no fIOHBJie

Hl15! Teop1111 3TMX HBJieHl1H. 

B 3TOH rnase Mhl 6y.neM paccMarp11BaTh, B OCHOBHOM, paBHOBeCHhle co 

CT05!Hl1H 11 JI11Wh B KOHl..{e ee KpaTKO OCTaHOBl1MCH Ha cna6o HepaBHOBeCHhIX 

COCTOHHl1HX, .nonycKa10m11x on11caH11e JIMHettHhlMl1 ypaBHeHHHMM. 

2.1. 06ll.IJ1e npHHll,HilbI CTaTHCTWieCKOro 

OTIHCaHH51 cpH3HKO-XHMJiqecKHX CHCTeM 

06m11ìf no.nxo.n K 113yYeHl1IO OKpY*aIOmero M11pa COCTOl1T B onpe.neneHl111 

113yYaeMoro o6beKTa 11 BhJ,[(eJieHl111 ero BMeCTe e HeKOTOph!Ml1 0KpY*aIOUll1Ml1 

ero o6beKTaM11 B 811,[\e Cl1CTeMhl, YaCThIO KOTOpott OH HBJIHeTCH. Ilp11 3TOM 

npe.nMeT CTaHOBl1TCH 113yYaeMOH Cl1CTeMOH, a OCTaJihHa5! YaCTh BMemammett 

ero c11cTeMhr - oKpY*aIOmeìf cpe.noìf. 

CnoBo «c11cTeMa» 11MeeT .nocTaTOYHO 06m11ì1 CMhrcn 11 no3TOMy 11cnonh1yeT

csi B pa3JIU'IHhlX c11ryauHHX B caMhlX pa3Hh!X 3HaYeHHHX. Ilo.n Cl1CTeMOH Mhl 6y

.neM fIOHl1MaTh COBOKYfIHOCTh KaKMX- JIM6o o6beKTOB, Ha3hIBaeMhIX 3JieMeHTaMM 

Cl1CTeMhl, 06na.na10m11x no KpattHett Mepe O,[\HMM 06m11M KaYeCTBOM. JI106asi CMC

TeMa 11MeeT rpaH11uy - 3TO nosepXHOCTh, orpaHl1411BaIOmasi Ml1Hl1MaJlhHyIO 06-

JiaCTh npocrpaHCTBa, B KOTOpOtt BCrpeYaIOTCH :meMeHThl Cl1CTeMhl. 

B 3as11c11MocT11 oT csoìfcTB rpaH11u c11cTeMhI 6hrnamT 113on11posaHHhrM11, 

3aKphIThlM11 11 OTKphIThlMl1. l130JI11pOBaHHhie Cl1CTeMhl He o6MeHl1BaIOTC5! e 

BHewHett cpe.nott Hl1 semecTBOM, Hl1 3Heprneì1. 3aKphITbJe Cl1CTeMhl MOryT 06-
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MemrnaThCH e oKp}')KaIOmeì1 cpe.uoì1 3Hepn1eì1, HO He semecTBOM, a OTKphIThie 

o6MemrnalOTCH 11 TeM 11 .upyr11M. 

8 TepMO)ll1HaMl1Ke paccMarp11BalOTCH Cl1CTeMbl e )lOCTaTO'IHO 6onhIIIl1M 'Il1C

nOM 3neMeHTOB 11 cna6bIMl1 B3al1MO)leHCTBHHMl1 e OKp}?KaIOmeì1 cpe.uoì1, TaK 'ITO 

KOflH'IeCTBOM 3neMeHTOB s6n11311 rpaHl11..1hl, HX OTflH'Il1HM11 OT .upyr11x 3neMeHTOB 

c11creMhI MOlKHO rrpeHe6pe'Ih. 06bl'IHO pe'Ih 11.ueT o c11cTeMax, co.uep)!(am11x He 

MeHee 1015 
MoneKyn. <l>H3HKO-Xl1MH'!eCKHe Cl1CTeMhl - 3TO TepMO)ll1HaM11l.JeCK11e 

Cl1CTeMbl, B KOTOpbIX IIp011CXO)lHT XHMH'IeCKl1e rrpespameHHH semecTB. 

CocTOHH11e TepMo)l11HaM11'!ecKoì1, c11cTeMhI orr11cbrnaeTcH BHyrpeHHl1Ml1 11 

BHeIIIHl1M11 rrapaMerpaM11. BHyTpeHH11e rrapaMerphI - cpyttK1..11111 o6o6meHHhIX 

KOOp,U11HaT 11 11MIIYJibCOB 3neMeHTOB Cl1CTeMbl, a TaK)!(e 3neMeHTOB .upyr11x Cl1C

TeM, HaXO,UHJ.U11XCH B KOHTaKTe e paccMaTp11saeMOH. 8Herrrn11e rrapaMerpbl Cl1C

TeMbl - cpyHKI..11111 KOOp)l11HaT 11 11MIIynhCOB BHeIIIHl1X Ten, He 3aBl1CHJ.Ul1e OT 

KOOp)l11HaT 11 11MrrynhCOB 3neMeHTOB Cl1CTeMbl. 

CocTOHHl1e Cl1CTeMbl B Ka)!()lblH MOMeHT speMeH11 OIIl1CbJBaeTCH TaKl1M11 

rrapaMeTpaM11, KaK rronHaH 3Hepr11H, o6beM, 11Mrryn&c, CTerreHh r11.upaTa1..11111, 

'Il1Cno CBH3aHHhlX n11raH)lOB 11 T. )l . 3Tl1 senl1'!11Hhl 3aBl1CHT OT l.Jl1Cna '!aCTl11..1 11 

Ha3&IBaIOTCH 3KCTeHCl1BHhIMl1 rrapaMeTpaM11. TaK11e MaKpocKorr11l.JecK11e rrapa

Merp&1, KaK TeMrreparypa 11n11 .uasneH11e, He 3aBl1CHT OT 'Il1Cna '!aCTl11..1 B Cl1CTe

Me 11 Ha3bIBalOTCH 11HTeHCl1BHbJMl1. 

O.u11H 113 OCHOBHhlX cpaKTOB MHOro'!11cneHHhlX Ha6nIO)leHl1H 11 3KCIIep11MeH

TOB COCTOl1T B TOM, 'ITO 113on11poBaHHM TepMO)ll1HaM11l.JeCKaH CHCTeMa, rrpe.uoc

TaBneHHM caMa ce6e, CO speMeHeM rrp11XO)ll1T B COCTOHHl1e, ,UnH ormcaHl1H KOTO

poro rpe6yeTCH Ml1Hl1ManhHOe l.Jl1Cfl0 rrapaMerpOB. TaKoe COCTOHHl1e Ha3bJBaeTCH 

paBHOBeCHhlM . 8 paBHOBeCHOM COCTOHHl111 Ka)!()lb!H 11HTeHCl18HhIH rrapaMeTp 

11MeeT IIOCTOHHHOe 3Hal.JeH11e B rrpe.uenax Cl1CTeMbI, a 3KCTeHCl18Hble rrapaMerpbl 

CO speMeHeM He 113MeHHlOTCH. 8 HepaBHOBeCHOM COCTOHHl111 HHTe HCHBHbie rra

paMerpbl CHCTeMhl B pa3Hh!X ee TO'!Kax HMelOT pa3Hble 3Ha'Iemrn. 

IlOHHTHe paBHOBeCHoro COCTOHHl1H OTHOCHTenhHO : B Ka lK)lOM CnYl.Jae Ha

)lO Yl.JHTbIBaTb xapaKTepHbie speMeHa H3MeHeHHH B CHCTeMe H H3MepHTenhHh!X 

rrpl'.160pax. TaK, Ha O'IeHh 6onhIIIHX speMeHaX MHor11e CHCTeMbl }?Ke Henh3H 

paccMaTpHBaTh KaK pasttoseCHhie, 11 Hao6opoT, Ha Man&1x speMeHax HepasHo

secHbie CHCTeMhl MQ)!(HO rrpH6n11)!(eHHO C'IHTaTb paBHOBeCHblMl1 . 

Ilp11 H3Yl.JeHHH HepaBHOBeCHhlX CHCTeM 11X pa36HBalOT Ha TaKHe Man&Ie 

TepMO)lHHaMH'IeCKHe IIO)lCHCTeMbl, 'IT06bJ B rrpe.uenax Ka)!()lOH H3 Hl1X 11HTeH

Cl1BHb!e rrapaMerpbl MO)!(HQ 6hrnO C'!HTaTh IIOCTOHHHhIMl1. TaK11e IIO)lCl1CTeMhl 

y)!(e Henh3H Cl.Jl1TaTb mon11poBaHHhlMl1 11n11 3aKpb!ThIMl1. 

IlapaMerpbl CHCTeMhl He MoryT 113MeHHThCH np0113BOflhHO, IIOCKOflhKY He 

np11 scex HX 3Hal.JeH11Hx c11cTeMa MO)!(eT cymecTBOBaTh. Ypasttett11e, Bhipa

)!(aIOmee CBH3h Me)!()ly napaMerpaMH, Ha3bJBaeTCH TepM11l.JeCKl1M ypasHeHl1eM 

COCTOHHl1H. Otto o6b!l.JHO HMeeT cne.uyIOIU11H Bl1)l: 

f (P,V,T,x) =O, 



2.1. 061J.jl1e np11H~Mnb1 CTaTMCTl148CKOro on11caH11H cj:>l1311KO-Xl1Ml148CKl1X CMCTeM 59 

rne x = (x1 , .. . , xm) - tta6op o6o6meHHhIX Koopn1rnaT cHcTeMhI, T. e. rrepe

MeHHhIX, Heo6xOL(HMhlX L(JUI ITOJIHOI'O ee om1cattm1. 

Teopen14eCKl1H Bh!BOL( ypaBHeHll! COCT051Hml KOHKpeTHOH Cl1CTeMbl 06bJ4-

HO HeB03MOlKeH 111111 04eHh CJIOlKeH . TI03TOMY HCITOJih3Yl{)T 3MIT11p11qecK11e 

ypaBHeHY!.51 COCT051Hl151. Ha116011ee rrpOCTOe 11 113BeCTHOe 113 HHX - ypaBHeHHe 

COCT051HH51 11L(eaJibHOro r a3a: 

PV=NkT, (2.1.1) 

HJ111 

PV=nRT, (2.1.2) 

rne P, V 11 T - nas11ett11e, o6beM 11 TeMrrepaTypa ra3a cooTBeTCTBeHHO, N -
411CJIO MOJieKyJI, a n - L[l1CJIO MOJieH ra3a B CHCTeMe, k - ITOCT051HHa51 DOJihU

MaHa, R - yttHsepcaJih Ha51 ra3osa51 rrocT051HHa51 . 

CTaTHCT11qecKoe orr11catt11e <j:lH311KO-Xl1MH4ecKott CHCTeMhI 11MeeT ueJihl{) 

no11yq11Tb B3aHMOCB51311 MelKJJ:Y MaKpOCKOil114eCKHM11 rrapaMeTpaM11 Cl1CTeMhl 

Ha OCHOBe ee M11KpOCKOITl1LleCKHX (MOJieKyAApHbIX) CBOHCTB. 

MexaHtt4ecKoe orr11catt11e TepMOL(11HaM114eCKott cucTeMhI HeB03MOJKHO, rro

CKOJihKY OHa 0611anaeT CJIIUJJKOM 60JihWl1M L[ l1CJIOM CTeneHett CB060L(hl. CoKpa

meHHOe - CTaTHCTl14eCKOe - orrucatt11e CBOL(HTC51 K HaXOJKL(eHHI{) cpeL(Hl1X 3Ha-

4eHHH KaK11x-111160 MaKpOCKOITJf4eCKHX BeJil14HH Ha OCHOBe 3HaHl151 MHKpOCKOITH

qecKHX xapaKTep11CTl1K Cl1CTeMbl. 0L(HOH 113 BaJKHettWHX <j:l11311qeCKflX BeJil14HH, 

xapaKTep113~Il.(11X COCT051HHe CHCTeMhl, 51BJ151eTC51 cpenttee 3Ha4eH11e ee 3Hepr11H. 

ITpr1 BhIITOJIHettu11 3aKoHa coxpaHeH115I Mexatt11qecKoì1 ::ittepr11u cpenttee 3Ha4etttte 

ITOJIHOH 3Hepr11H 113011HpoBaHHOH Cl1CTeMbl He MeH51eTC51 CO BpeMeHeM. To JKe 

MO)l(HO CKa3aTb 11 o cpentteM 3Ha4eHHH 3Hepr11H OL(HOH MOJieeyJihl. 

B Kaqecrne MOJJ:eJiu TepMOJJ:HHaM11qecKott c11cTeMh1 paccMOTp11M uneaJih

HhlH OL(HOaTOMHblH ra3 . B TaKOH CHCTeMe MOJieKyJihl JJ:pyr e JJ:pyroM He B3a11-

MOL(eHCTBYl{)T (HO B3al1MOL(eHCTBYl{)T CO CTeHKaM11 cocyna - rpaHHUeti Cl1CTe

M bl) , IT03TOMY MOlKHO CL!l1TaTb, 4TO OHa rrpeJJ:CTaBJI51eT co6oìi cyrreprr0311UHI{) 

OL(l1HOiiHbIX MOJieKyJI B OL(HHaKOBhIX 514ettKaX, a 514eHKOH 51BJI51eTC51 cocyn, co

nep)l(am11ì1 ra3. YpoBHH 3Hepruu MOJieKyJibl B 514ettKe MOlKHO HaHTH, HarrpH

M e p , perna51 cooTBeTCTBYl{)mee ypasttett11e lllpeJJ:HHrepa. Torna 3anaqa cTaTH

CT11qecKoro OITHCaHl151 CHCTeMbl CBeL(eTC51 K orrpene11eHHI{) Bep051THOCTeì1 co

CT051H11H Cl1CTeMbl, pa3Jil1 11al{)il\11XC51 rro 3HeprH51M . 

B yrrpomettHOM s11ne 3Ta 3aJJ:a4a MOJKeT 6hITh c<j:lopMy1111posatta CJieL(yl{)

w 11 M o6pa3oM: 

• Cl1CTeMa MOlKeT HaXOL(l1ThC51 B COCT051Hl151X, KOTOpbie MOlKHO pa3JIH411Th 11 

3aHYMeposaTh; 

• c11yqattHa5I BeJil14HHa X rrp11HHMaeT B 3THX COCT051HH51X 3HaL!eHH51 X;, i= 1, 
2, .. . ,N; 
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• H3BeCTHO cpenHee 3HaqeHHe HeKOTOpOH cpymQ{HH 3TOH cnyqaHHOH senwmHhJ: 

N 

(/(x))= uJ(-'i). (2.1.3) 
i=I 

Ha OCHOBaHHH 3THX naHHb!X Tpe6yeTCll HaHTH cpenHee 3HaqeHHe npyroi:i 

cpyHKUHH cnyqai:iHoi:i senHqHHbI ( g ( x;)) , .llJill qero Han o 3HaTb pacrrpenene

HHe BepmlTHOCTeH p;. 
TaKal! 3anaqa He HMeeT peweHHll, TaK KaK, norronHHB ypasHeHHe (2.1.3) 

ycJIOBHeM HOpMHpOBKH 

N 

LP; =l, (2.1.4) 
i=l 

MbI nonyqHM TOJibKO nsa ypasHeHHll .llJill orrpeneneHHll N HeH3BeCTHbIX senH

qHH. TiocKOJibKY N 06b1qHo oqeHb senHKO, a .llJill HanHcaHHll nononHHTeJibHbIX 

(N - 2) ypaBHeHHH HeT OCHOBaHHH, TO .llJlll HaXO)K.lleHHll p; HCI10Jlb3YJOT HeKHe 

rrocTopoHHHe coo6pa)KeHHll. 

0.llHHM H3 nepBb!X IlO.llXO.llOB K peweHH!O TaKHX 3anaq 6bIJI «npHHUHII He

.llOCTaTO'!Hb!X OCHOBaHHH» Jlannaca. OH COCTOHT B TOM, qTo co6bITHllM cneny

eT rrpHnHCb!BaTb paBHb!e Bepol!THOCTH, eCJIH HeT OCHOBaHHH neJiaTb HHaqe. 

OnHaKo, 3a HCKmoqeHHeM oqeBH.llHO CHMMeTpHqHbIX cnyqaes, Korna pasHose

pol!THOCTb co6b!THH TO)Ke oqeBH.llHa, 3TO rrpennOJIO)KeHHe HHqYTb He nyqwe 

mo6oro npyroro rrpOH3BOJibHOro Bb!CKa3bIBaHHll . 

)l,nll Toro qTo6bI rrpHIIHCaTb onpeneneHHb!e 3HaqeHHll BepOllTHOCTl!M co

CTOllHHH, Heo6XO.llHM HeKHH o6IUHH KpHTepHH. TaKHM KpHTepHeM MO)KeT 6hITb 

HeorrpeneneHHOCTb cseneHHM o CHCTeMe, KOTOpal! CBl!3aHa e HHcpOpMauHeH o 

COCTOllHHH CHCTeMbl. EcnH H3BeCTHO, qTo CHCTeMa HaXO.llHTCll B onpeneneHHOM 

cocTOllHHH, HeorrpeneneHHOCTb cseneHHH o Hei:i pasHa Hyn10. EcnH nonyqeHa 

HeKall HeIIOJIHall HHcpOpMaUHll o COCTOllHHH CHCTeMbI, TO HeorrpeneneHHOCTb He 

paBHa Hyn10 H, rro-BH.llHMOMy, .llOJI)l(Ha B03pacTaTb e ysenHqeHHeM qHcna B03-

MO)l(HbIX COCTOllHHH CHCTeMbl. )l,nll Toro qT06bI H36e)KaTb Heo6ocHOBaHHblX 

rrpenrroJIO)KeHHH npH orrpeneneHHH 3HaqeHHH sepOl!THOCTeH COCTOllHHH, Heo6-

XO.llHMO Bb!6HpaTb TaKoe pacrrpeneneHHe BepOllTHOCTeH, KOTOpoe COOTBeTCTBY

eT MaKCHMaJibHOH HeorrpeneneHHOCTH cseneHHM o CHCTeMe. 

3To I103BOJllleT cneJiaTb TaK Ha3bJBaeMb!H rrpHHUHII MaKCHM}'Ma 3Hrp0I1HH. 

CoorneTCTBYIOIUHH cpopMaJIH3M 6brn pa3pa6oraH 3. T. )l,)l(ettHCOM B KOHUe 

1950-x rr. [I]. Xorn cpopMantt3M )l,)KeMHCa pa3BHT 11 .llJill HepaBHOBeCHbIX c11c

TeM, Mb! pacCMOTpHM TOJibKO KBa3HpaBHOBeCHbJe CHCTeMbl. 3TO nacT npen

CTaBJieHHe 06 o6mHx 11nellx TaKoro nonxona, a 3a11HTepecosasw11i:icl! q11TaTenb 

MO)l(eT 6onee nonpo6Ho 03HaKOMHTbCll e pa3BHTtteM 3Toro MeTona no opttrH

HaJibHbIM pa6oraM. 
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<DopMam-nM )J,)f(eHHCa OCHOBbIBaeTCll Ha HCfIOJib30Bamn1 Mepbl Heorrpe,ne

JieHHOCTH cse,neHHH o cttcTeMe H, npe,nJIO)f(eHHOH K. WeHHOHOM ( 1948): 

N 

H(p1, .. . , pN)=-KLp;lrrpi, (2.1.5) 
i=l 

r,ne K - fIOJIO)f(HTeJibHal! KOHCTaHTa, p; - BepOS!THOCTH COCTOSIHHH. floCKOJibKY 

:no Bb!pa)f(eHHe cosna,naeT e Bb!pa)f(eHHeM nm1 3HTPOfll1H B CTaTl1CTH'-leCKOH 

MexaHHKe, HeorrpeneneHHOCTb cseneHHH o Cl1CTeMbl 6yneM TaK)f(e Ha3bIBaTb 3H

TPOf!Hei1. <DyHKUHll, onpeneneHHaJI B (2 .1.5), 0611anaeT sceM11 Heo6xonHMbIMH 

CBOHCTBaMH: OHa HenpepbIBHa, MOHOTOHHO B03pacTaeT e yseJJ11'-1eHHeM N ,nJISI 

paBHOBep05ITHblX COCTOSIHHH, an nHTl1BHa ,nJill He3aBl1CHMbIX 11CTO'-IHl1KOB Heon

pe,neJieHHOCTH (CYMMapHal! Heorrpen eneHHOCTb OTHOCHTeJibHO He3aBHCHMbIX 

CHCTeM paBHa CYMMe Heonpen eneHHOCTei:f OTHOCl1TeJJbHO Ka)f(noi:f H3 Cl1CTeM) H 

He 3aBHCl1T OT crroco6a rpyrrrr11poBaHHll rrpOCTbIX co6bITl1H B CJJO)f(Hble. 

I1Mel! Mepy HeonpeneJJeHHOCTH cseneHHH o CHCTeMe, Mb! MO)f(eM Terrepb pe

llll1Tb 3a,naqy o BbJ6ope BH,na pacrrpe,ne11eHHS1 sepOS!THOCTei:f: HCfIOJ!b3Yll l.!aCTH'-IHYJO 

HH<ÌJOpMaumo o Cl1CTeMe, Mb! ,nOJI)f(Hbl BbI6paTb TaKOe pacrrpeneneHHe sep05ITHO

CTei1, KOTopoe COOTBeTCTBYeT MaKCHMaJJbHOH 3HTPOfIHl1 (2 .1.5). 3TO enHHCTBeH

HbIH HerrpenB3l!TbIH cnoco6 orrpeneneHHSI sepOS!THOCTeH COCTOSIHHH, fl03BOJI5I!O

mwi:f yqeCTb BC!O ,nOCTyrrHYJO 11H<ÌJOpMaUH!O 06 H3yqaeMOH CHCTeMe. 

PaCCMOTp11M CHa4aJia CHCTeMy, o KOTOpoi:f HH'-lero He 113Be CTHO, KpOMe To

ro, '-ITO OHa cymecTByeT B onHOM 113 N COCTOSIHHH. Torn a, B COOTBeTCTBl1H e 

o6mHM rronxonoM, Han o HaHTH MaKC11MYM 3 HTpon1111 s rrpH yc110BHl1 , 4TO CHC

TeMa H a xonHTCll B onHOM 113 COCTOJIHHH : 

N 

S=-KLPilnpi, 
i=l 

N 

LPi =I. 
i= l 

(2 . 1.6) 

J(JI5I • fIOHCKa 3KCTpeMYMa <ÌJYHKUHH MHOrHX rrepeMeHHbI X rrp11 HaJIH'-IHl1 

orpaHH'-leHl1H o6bI4HO HCfIOJib3yeTCll MeTon Heonpe,neJJeHHbIX MHO)f(HTeJJei:f 

JlarpaH)f(a. TioCKOJibKY orpaHH'-1eH11e TOJJbKO onHO, TO fl0Tpe6yeTCll on11H He

onpene11eHHblH MHO)f(HTeJib JlarpaH)f(a. 0603Ha411M ero À, YMHO)f(HM Ha Hero 

BTOpoe ypaBHeH11e H fIOCTp011M <ÌJYHKUH!O JlarpaH)f(a L: 

L(p1 , ••• , p.,.<) = -Kt,p1 In p1 + À[t,p1 - I} 
):(wcpcpepeHUHPYJI ee, nonyt:faeM: 

a
aL =-K(lnp;+l)+À=O,i = 1, .. . , N, 
'Pi 
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OTKy):la, Ot.Je811,[IHO, 

?.,-K 

pi=e K =const,i=l, ... ,N. 

TaK11M o6pa.3oM, B 3TOM crryqae 3KCTpeMYM L10CT11raeTc» np11 pasHoMep
HOM pacnpe,[1erreHl111 sepOHTHOCTeH, KaK .nomKHO 6hIJIO 6bI nOITYt.Jl1ThCH 11 np11 

11Cf10Jlh30BaHl111 np11HI..(lrna He,[IOCTaTOt.JHhIX OCHOBaHl1H. 
PaccMOTp11M Teneph 06m11ii crryqatt, Kor.na KpOMe ycrros11» cymecrnosa

Hl1» Cl1CTeMhl 11MeeTCH 11HcpOpMaU11H o cpe):IHl1X 3Hat.JeHl1HX m ee napaMeTpOB. 
Teneph (2 .1.6) Ha):lo L1onorrtt11Th m ypasHeH11»M11-orpatt11t.JeH11»M11 s11,[la: 

N 
LPi</Jr(xi)=(<fJr ),r= l, ... ,m. (2.1.7) 

i=l 

YMHO)l(l1M srnpoe ypasHett11e s (2. I .6) Ha HeonpeL1erreHHhIH MHO)l(l1Terrh 

( Ào - I) , a ypasHeH11» (2.1. 7) - Ha MHO)l(l1Terr11 À,. IlpoL111cpcpepeHu11posas 11 

CJIO)l(J:IB ypaBHeHl1H, norryq11M: 

T. e. 

11JIJ:I 

L(lnpi +Ào + f Ar</Jr (x;)Jdpi =O . 
1 r=I 

Crre):loBaTeJihHO, 

Pi = exp(-Ào - f ArQ'Jr (xi )J . 
r=l 

lb ycrros11» HopM11posK11 (2. I .4) crre.nyeT 

~ex+Ao-~Ày~+l , 

eÀo o ~exp(-~À,40,;} 

N 
m 

- I;., 
..1o=lnLe'~·~ 

~ ' 

me Q'Jri = </Jr (xi) · 

(2 . 1.8) 

(2. 1.9) 
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m 

N - L Àr'Pri 

<l>yttKUHH z ( À1 ,. . ., Àr) =Le r=I Ha3bIBaeTCH CTaTHCTH'leCKOH <ÌJYHK-

i=I 
u11eì1 pacrrpe):leJJeHHH ( CJ'MMOH rro COCTOHHHHM). KaK 6y):leT BHLIHO 113 ):laJlb

Heì1wero 11JJJO)f(ett11», tteorrpeL1eJJeHHhitt MHO)f(HTeJJh Ào 11rpaeT oco6yJO pOJJh B 

CTaTHCTHlJeCKOM orr11camrn TepMOLIHHaMW!eCKHX CHCTeM. Ero HHOr):la Ha3hl

BaJOT cpyHK1111eì1 Macche (11JJ11 Macche-fIJJaHKa). 

qyo6bJ orrpe):leJJHTb OCTaJJbHb!e Heorrpe):leJTeHHb!e MHO)f(HTeJJH Àn Ha.no IIOLl

CTaBHTb Hatt):leHHb!e p; B ypasHeHHH-orpaHH'·JeHHH e yqeTOM Bb!pa)f(eHHH ):IJTH 

ÀQ. Ho MO)f(HO rrocTyrr11Tb HHalJe - rrpoL111cpcpepettu11posaTb (2.1.9) rro Àr: 

aÀo 
aÀr 

T. e. 

m 

N -LÀrìfPr; 

I e ' =1 
( -rpri) 

;,.1 
m 

N -L: J.r/P,; 
Le ,=1 

i=I 

m m 

1 N -L: J.,<p,; N -'1o-L: J.,lfJ,; N 
-e-''O'" m -e , =1 =-'" m -e ,=1 =-'" m ·P· L. rn L.. rrz L. 't'n 1 ' 

i=I i= I i= I 

aÀo = -( rpr) . 
aÀr 

(2.1.1 O) 

llcrrOJTb3YH cyMMY rro COCTOHHHHM, TO )f(e caMoe MO)f(HO 3arr11caTb B BH):le 

a 
(rpr)=-a;., lnZ, À()=lnZ. 

r 
(2.1.11) 

)J,11crrepc11H Ha6JJJO):laeMbIX BeJJHlJHH orrpe):leJTHeTCH COOTHOWeHHeM 

0"
2 (rpr) = (orp}) = L( rpri -(rp,.) )2 

Pi= .l:orp~pi, 
i i 

me orpji = rpji -( rpj) - i-H cocrnsJT»JOll.laH cpJJyKTyau1111 rrapaMeTpa f/JJ· 

Y'lHThrna», lJTO 

ap; -- °' ÒÀ,j - -pi rpji, 

MO)f(HO IIOKaJaTh, lJTO 

; ) a2 1. a2 1 2 ) a ,rp,. =~"v =-Inz . 
\ orp,. = - aA,. ai; ai; (2.1.12) 

ECJJH cp,, IIOMHMO 3aBHCl1MOCTH OT X;, CO):lep)f(HT KaK11e-JJ1160 rrapaMeTpbl 

Y 1, Y2 11 T . .n., To, KaK tteTPYLIHO rroKaJaTb, 

\ 
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jarpr)=-~ 8-1o =-~~lnZ. 
\ 8yk Àr 8yk Àr 8yk 

(2.1.13) 

TIO,LJ,CT3Bl1B p; B nepsoe ypaBHeH11e (2.1.6), CTOJI)"ll1M : 

S=-K'L,p;[--1o-L,2rrpri)=K-1o'L,P;+KL,p;LÀrfPr;=K-1o+KL,2rLP;fPri· 
I r I I r r I 

TaKHM o6pa30M, 3HTponm1 c11cTeMhI pasHa 

S= +<>+ ~;!,. <qp} (2.1.13) 

Tip11MeHeH11e npHHL(Hna M3KC11Mj'M3 3HTPOTil111 )lllil CT3Tl1CTH'-JeCKOro on11-

C3HH.H paBHOBeCHOH TepMO)lHH3MH'-leCKOH CHCTeMbl .uaeT T3KHe JKe ypaBHeHH.H, 

K3K o6bJqHble npas1111a CTaTHCTHqecKOH MexaHl1KH. TiycTb Cl1CTeMa HMeeT ypOBHH 

3Hepr1111 E; (y1 , .. . ,ym), r.ne Yi - BHeWHtte napaMeTpb1, TaK11e KaK o6beM, TeH30p 

Hanp.HJKeHl1H, npHIIOJKeHHbie 3JieKTp11qecKoe, MarHl1THOe 111111 rpaBl1T3LlHOHHOe 

no11e 11 T . .n. Tor.ua, ec1111 H3BeCTHO TOJihKO cpe.uHee 3HaqeH11e 3Hepr1111 (E) : 

N 

LP;E; =(E) , 
i=I 

TO 113 (2 .1.8) Mb! TIOJIY411M pacnpe.ue11eH11e Bepo.HTHOCTeH no COCTO.HHH.HM CHC

TeMbI, B KOTopoM HeTpy.utto Y3H3Tb pacnpe.ueneHtte oOJihUMatta : 

P· = e-J,i-{JE e - /JE; -fJE· l l = _ _ e I 

eJ,i --z 
e-/JE; 

N-

L,e-/JEj 

j=l 

(2 .1.14) 

.LJ:a11ee H)leHTmpHK3LlHIO napaMeTpOB 11 nocTpoeH11e CT3THCTl1LJeCKOH qrn-
311KH paBHOBeCHhIX Cl1CTeM MOJKHO npoBeCTl1 CTaH.uapTHblM o6pa30M [2]. 

.Un» Bbl.HCHeHH.H cp11311qecKoro CMhICJia TIOJI)"leHHh!X COOTHOWeHl1H Heo6-

XO)ll1MO npttMeH11Th 3TOT no.uxo.u K K3KOH-JIH6o xoporno 113yqeHHOH cpH3HLJe

CKOH Mo.nentt. ConocTasneHHe TeopeTHLJeCKHX BhIBO)lOB e rnep.uo ycTaHOBJieH

HhIMH 3KCnep11MeHT3JihHblMH cpaKTaMH Il03BOJIHT onpe.ueJIHTh cp11311qecKHH 

CMhICJI napaMeTpOB, HCCTOJib30B3HHblX B Teop1111 . Hatt6onee y.uo6HOH B 3TOM 

OTHOIIIeHHH .HBJI.HeTC.H MO)leJib O)lH03TOMHOro 11.ueaJibHOro ra1a. 

11.neaJibHh!H ra3 npe.ucTaBJI.HeT co6oi1 Cl1CTeMy He B33HMO)leHCTBYIOIUHX 

.upyr e .upyroM MaTepttaJibHhlX TOLJeK, noMemeHHbJX B HeKHH pe1epsyap. CLJH

Ta.H CHCTeMy H30JIHpOB3HHOH, MOJKHO pewHTh CT3I!HOHapttoe ypaBHeHHe Wpe-
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.z:urnrepa .[IJUI '!aCTJ-11.{hl B noTeHJ.UfaJihHOM .s!lllHKe H nOJIY'IHTh ypOBHH :rneprnH 

.LIJI.!1 0.LIHOMepttoro .LIBfDKeHJ·rn: 

E~= n2:rr2n2 
2mL2 

n2h2 
--2 ,n=O I 8mL , , .. . , (2.1.15) 

me E~ - :rneprw.si 'lacn11..1h1 B cocTO.sIHHH n, L - umpwtta .!lll\HKa, m - Macca 

'!aCTHl..(hl, h - nOCTO.!IHHa.sI TinaHKa, n = h/2:rr . Pe3yJihTaT nerKO o6o6maeTC.!I 

Ha cnrrnii TPeXMepttoro .!IJUHKa: 

, , , , h2 
( .2 .2 2) Eijk = Ei +E1 +Ek =--

2 
1 +; +k . 

8mL 

PaccMOTpHM Teneph cwcTeMy, cocTo.simyK> H3 N0 omrnaKOBhix Ky611'leCKHX 

.!IJUHKOB, B Ka:>K.LIOM H3 KOTOphlX HaXO.LIHTC.!I 0.LIHa '!aCTHl..(a. flyCTh CTeHKH .s!IUH

KOB «npo3pa'!HhI» .LIJI.!I HMDYJihCOB. EcJJH CHCTeMa HCXO.LIHO HMeJia :rneprmo 

NoE' ' TO '1epe3 HeKOTOpoe BpeM.sI Mhl y)l(e He 6y.L1eM 3HaTh, KaK OHa nepepac

npe.[leJIHJiaCh Me)l(.LIY '!aCTHl..(aMH. 

1'13 3aKoHa coxpatteHH.sI 3Heprnw cne.LlyeT, 'ITO L,NijkEUk = NoE', r.[le NiJk 
ijk 

'!Hcno _ '!aCTHU e 3Heprneì1 Eijk . BenH'IHHa E' HMeeT CMhJCJI cpe.L1ttero 3Ha'le-

HH.!I 3HeprHH O.LIHOH '!aCTHUhI. 0'1eBH.LIHO, 'ITO L N ijk = N0 . Pa3.[leJJHB o6e 

ijk 

'!aCTH 3THX ypastteHHH Ha N0 H npHH.sIB PiJk = Ny/N0, nonyqwM: 

LPijk =I, 
ijk 

LPijkEUk =E' . 
ijk 

CliMMeTPH.sI 3a.Lla'IH no3BOJI.sieT C.LlenaTh ynpomettm1: nocKOJihKY .si'!eì1K11 KY-

6tt'leCKHe, TO pacnpe.[leneHH.!I BepO.s!THOCTeH no pa3HhIM CTeneH.sIM CB060.Llhl MO)l(-

HO C'IHTaTh O.LIHHaKOBhlMH. Tio3TOMY MO)l(HO noJIO)l(HTh E'= 3 L P;E,'. H peurnTh 

i 

0.LIHOMepttylO 3a.[la'ly, HanpHMep .LIJI.s! .LIBH)l(eHH.!I '!aCTHl..(hI B.LIOJlh OCH Ox. 
Ycnoswe MHHHMYMa 3HTponHH npHBO.LIHT K cne.L1y1-0JUeMy pacnpe.L1eneHH1-0: 

_ 1_ -jJE' 
P . = e "Ox xi i = o I 

l ' ' ' ••• , 

h2 -2 
00 00 - /J I 

Aox =In L,e-/JE.~; =In L,e 8ml
2 

i=l i=l 
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DOCJleJmee Bb!pa)f(eHJ'.l.e Hey.uo6HO ,Umi 11CIIOJlh30BaHl1H, II03TOMY ero 3aMe

HHIOT Ha np116Jll1)f(eHHOe - 11HTerpan. 3To B03MO)f(HO, ec1111 K03cpqmu11eHT np11 
i 2 

Man. 8 .uanhHeHrneM Mhl ys11.u11M, LfTO 3TO o6hILfHO TaK 11 6hIBaeT. Tor.ua 

00 /3h2 .2 

~x "" ln f e - 8mL2 'di . 

o 

.,., 
(2.1.16) 

DpaBaH LfaCTh 3TOro Bbipa)f(eHl1H - IIOJlOBMHa 11HTerpana faycca. D03TOMY 

~x = In /!:. 8ml2 = In (1:_ ~2m;r) 
. 4 h2 /3 h /3 . 

DOCKOJlhKY Mb! I1p11HHJ111, LfTO pacnpe.ueneHHH IIO CTeneHHM CB060,Uhl 0.[(11-

HaKOBhI, TO 

À.ox = À.oy = À.oz· 

KpoMe Toro, 11 napaMeTp j3 o.u11HaKoa .unH scex pacnpe.ue11eH11H:, nocKOJlh

Ky 3TOT Heonpe.ueneHHh!H MH0)!(11TeJlb OTHOCl1TCH K C)'MMapHOH 3Hepr1111 qac

T11Uhl. Tor.ua nonyqaeM: 

Ào = In [;, ( 2/:X )i J (2.1.17) 

r.ue V - 061,eM c11cTeMhI, Ào - cpyHKU11H Maccbe .UJlH O.UHOH qacrnuhr. 3rn )f(e 

COOTHOWeH11e MO)f(HO IIOJ1Y'fl1Tb 11 np11 6011ee o6JUl1X npe.unOJ10)f(eHl1HX. 

B COOTBeTCTBl111 e 06IUl1Ml1 COOTHOWeHHHMl1, nonyqeHHhlM11 pattee, 11MeeM: 

a~ _ _]_ 
(E')=- 8/3 - 2/3' 

s = K(Ào + p(E')) = K {~+In[;, ( 2ft" )1 ]} 

(2 .1.18) 

(2.1.19) 

DyCTb Tenepb B Ka)f():IOM 113 O.U11HaKOBblX HJUl1KOB CO.Uep)f(11TCH N LfaCT11U, 

KOTOpble HMKaK .UPYT e .UPYTOM He B3al1MO.UeHCTBYIOT; Tor.ua IIOJlHM 3Hepr11H 

11aCTHU paBHa npOCTO cyMMe MX 3Hepr11H: . 

8 c1111y a.u.u11T11BHOCT11 3HTpon11 11 .UJlH N pa31111qa10m11xcH no KaK11M-1rn60 

CBOHCTBaM l.faCT11U 11MeeM: 

s = K[E. Ào; +E*;)} (2.1.20) 
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11JUf 

,., S=K('P+/J(E)), (2.1.21) 

N 

r.ne 'I'= LÀoJ - cpyttKU115! Maccbe c11cTeMhI, a (E) - cpenH5!5! 3Heprn5! 

)=I 

c11cTeMhI 113 N qacTHl\. B cJiyqae on11ttaKOBbIX 'IaCT11U 'f' = N Ào . 
YIJ11TbIBa5!, IJTo 

(E'). = _ 
8

ÀoJ 
J 8/3 ' 

113 (2.1.20) IIOJIYIJl1M: 

S=Kf (1-/J~) .:10rK(l-/3~)f .:10rK(l-/3~)'f'. (2.122) 
J=l 8/3 8/3 ) =1 8/3 

,ll,JI5! 3Heprn11 11 cpyttKU1111 Maccbe c11cTeMbI coxpaH51eTrn o6mee cooTHO

rnett11e, IIOJiyqeHHOe ):(JI5! 0,L(HOH qaCT11UbI: 

(E)= - 8\f' 
8/3 . (2.1.23) 

HeoIIpeneJieHHOCTb OTHOCl1TeJibHO Cl1CTeMbl Hepa3JI11'Il1Mb!X qacT11U MeHb

rne, 'IeM ):(JI5! c11cTeMbI TaKoro )f{e q11cJia pa3HbIX qacT11u. B IIp11senettHOM BbIIIIe 

Bb!BO,L(e lfaCTl11\aM 6bIJil1 IIp11CBOeHbl HOMepa OT 1 no N, TeM caMbIM OHl1 C'Il1Ta

Jil1Cb pa3JI11q11MbIM11. Ha caMOM )f{e neJie HOMep qacT11UbI s cnyqae on11ttaKOBb1x 

'IaCT11U Ha HeoIIpeneJieHHOCTb Harn11x 3HaHl1H o Cl1CTeMe H11KaK He BJ1115!eT. He

IIpaBl1JlbHbIH yqeT 3TOH no6aBO'IHOH HeOIIpeneJieHHOCTl1 IIp11B0):\11T K TaK Ha-

3bIBaeMOMY IIapanoKcy f1166ca. 

B CTaTl1CTl1'JeCKOH cp11311Ke IIp11H5!TO cornarneH11e o TOM, 'ITO COCT05!Hl15! 

Cl1CTeMbl TO)f{,L(eCTBeHHbIX qaCT11U, OTJI11qa10m11eC5! TOJibKO cnoco6oM HYMepa-

1\1111 qaCT11U, ):(0Jl)f{Hbl C'Il1TaTbC5! O):(Hl1M 11 TeM )f{e cp11311'JeCKl1M COCT05!H11eM. 

EcJI11 IIepeHYMeposaTb on11ttaKOBb1e qacTl11\bI IIo-npyroMy, TO ):(JI5! c11cTeMbI 

HH'Iero He 113MeHl1TC5!. Ilo3TOMY Ha caMOM nene HeOIIpeneJieHHOCTb Harn11x 

3HaH111i o c11cTeMe MeHbIIIe, IJeM CJienyeT m cpopMyJihI ):(JI5! 3HTpoII1111. KaK cJie

nyeT 113 IIpenbI):(YIUero paCCMOTpeHirn CBOHCTB 3HTpOIIl111, eCJil1 OT CIIOC06a 

HYMepau1111 'iaCTl11\ Hl1'Iero He 3aBIIC11T, TO Bee CIIOC06b! ):(OJI)f{Hbl C'Il1TaTbC5! 

pasHosepo5!THbIMl1. B 3TOM cJiyqae S = S0 -S', rne S0 - CTapoe 3Ha'ieH11e 3H-

TPOIIl1II, a S' - nonoJIHIITeJlbHOe KOJIII'IeCTBO 3HTpOIIIIII, o6ycJIOBJieHHOe He

oIIpeneneHHOCTb!O OTHOCIITeJibHO HYMepau1111 IJaCT11U. Ilp11 3TOM 

N! 1 1 
S'=-KL,-ln-=KlnN!. 

i=IN! N! 
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B 60JJbll111HCTBe cJJyqaeB npHXO)lHTCH HMeTb )leJJO e CHCTeMaMH, CO)lep

)J(alll,HMH nop»)lKa l 020 
qacTHU HJJH 6oJJee. Tio3TOMY MO)J(HO np11MeHHTh <Pop

MYJJY CrnpJJ11Hra: 

I 

n!~~2mr(~r. 
T. e. 

I ln N! ~ N In N -N + 2 1n 2NTr. 

B 6oJJhlllHHCTBe cJJy'-laes nocJJe)lHHM qJJeHoM B 3TOM Bb1pa)J(eH1111 MO)J(HO 

npeHe6peqh. Tor)la 

S' = K(NinN-N), 

a )lJJ» 3HTpon1111 c11cTeMhI rroJJyqaeM: 

S ~ K ('I' + ~ /1 ( Ej )- N In N + N} 

)J,o6asoqHhie qJJeHbl, 3aBHCHW,He TOJJbKO OT '-IHCJJa '-laCTHU 11 He 3aBHCHW,He 

OT 11x 3Heprnì1, y)lo6Hee scero BKmoq11Th B Bb1pa)J(em1e )lJJ» <PYHKUHH Macche: 

N 

lJ' = LÀoj-NlnN +N = NÀcJ-NlnN +N. 
j=I 

TaK KaK N He 3as11c11T OT fJ, TO Bb1pa)J(eH11e (2.1.23) ocrneTC» sepHhIM. 

TaKHM o6pa30M, )lJJ» c11cTeMhI N TO)J()leCTBeHHhix '-laCTHU B rroTeHu11aJJh

HOM Hlll,HKe e yqeTOM (2.1 .17) rroJJyqaeM: 

\{' = Nln[~(2mff)Yz] Nh 3 fJ +N. (2.l.24) 

EcJJH (E') - cpe)lHee 3Ha'-leHHe 3Hepr1111 O)lHOH qacTHUhI, TO cpe,D,Hee 3Ha

'-leH11e 3Heprn11 c11cTeMhI pasHo (E)= N(E') . Y'-IHThIBM (2.1.17), rroJJyq11M : 

òlJ' ò _31 3N 
(E)=--=-N-ln/J 12 =-=N(E'). 

òfJ òfJ 2/J 
(2.1.25) 

B o6bI'-IHhIX TepMO.L\HHaMtt'-leCKHX c11cTeMax pacnpe)leJJeHH» sepo»THO

cTeì1 11Me10T O.L\HH OCTPhIH MaKCHMYM. 11MeHHO 3TO o6b»CH»eT ycrrex rrp11Me-
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Hemrn BepOHTHOCTHhIX MeTO.llOB .llRH HX orrncamrn. llluputty pacrrpe.ueneHHH, 

HarrpHMep, IIO 3HeprHHM, .umi CHCTeMhl N TO)!(,lleCTBeHHhlX '-laCTHU MO)f(HO ou,e

HHTb IIO OTHOllleHmo KOpHH KBa.upaTHOfO H3 .UHCIIepCHH K MaTeMaTW!eCKOMY 

O)!(H,llattmo 3Ha'!eHHH 3Heprm1: 

2 82 \f' ò(E) 3N 
O"E=-=---=-

òp2 òp 2p2 ' 

1 {3N 
0 =a-E = /iV2 = {2 

E (E) _!_ 3N vw · 
p 2 

Pacrrpe.ueneHHH rronyqaIOTCH O'-!eHh Y3Kl1e .umi 6onhll!Oro '-IHcna qacTHu,: 

rrpu N - 1020 oE - 10-10
, T. e. pacrrpe.ueneHHe rrpe.ucTaBnHeT co6oi1 rrpaKTH'-!eCKH 

0-cpyttKUHIO, a rrpH N - 1 oE - 0,82, T. e . pacrrpe.uenettue IIO'-ITH rrpHMoyronhHoe . 

.D:aBJieH11e 

.[1,asnettue - 3TO cpe.umrn c11na, .ueìkTBYIOmaH co CTOpOHhI ra3a Ha rro

sepxttoCTh rpaHHUbl Cl1CTeMbl B pac'-!eTe Ha e,lll1HH'-IHYIO nnomaLl,h. 

3a speMH l:!.t e 3neMeHTOM nosepxttocT11, rreprreH.UHKYJU!pHhIM oc11 Ox 11 

11Me!Oll.(HM rrnoma.llh A, CTORKHYTCH '!aCTl1U,bI, HaXO,llHll.(11eCH Ha paCCTOHHl1H OT Hee 

He 6onee xl:!.t . Cpe.uttee '-IHCno '!aCTHU, B e.UHHl1U,e o6beMa - 3TO rrnOTHOCTb '-laC

Tl1U,, pasttaH NIV. Ilp11 a6conIOTHO yrrpyroM cronKHOBett1111 113MetteH11e 11Mnynhca 

'!aCTHIJ,bI paBHO 1:!.(m.Xi) = 2m.Xi . II03TOMY .llnH .uasneHHH MO)!(HO 3an11caTh: 

I CO 

P=-L:Ni(2mxi), 
AM i=O 

r ,ae Ni = N AXi p(xJ · l:!.t - q11cno qacrnu,, 11Me10m11x cKopocTh v; = xi 11 
V 

CTORKHYBllll1XCH CO CTeHKOH 3a BpeMH l:!.t. IIocKORbKY B 11.ueanhHOM ra3e 3Hep

ll1$1 'laCTHU,hl - ee Kl1HeTl1'-!eCKaH 3Hepf11$1, TO sepOHTHOCTh p (ii) Toro, '-ITO 

•1QCT11ua HMeeT CKOpOCTb xi ' pastta rronOBl1He sepOHTHOCTl1 P xi Toro, 'ITO qac

rnua 11MeeT 3Heprn!O (CB$13aHHYIO e .llBJ1)f(ett11eM B,llOnh OCl1 Ox) li xi =mxl /2 . 
'JtC.llOBaTenhHO, 

P=-'-"[(N Ax-M)(2m.X-)p(x.)]= 2N" mx2 Pxi = 2N" e·p ·= 2N(1: ) . AtltL., V I I I V L., I 2 V ~ I Xl V X 
I I I 
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' 
Y Gl1TbJBa51, GTO ( & x) + ( t: y) + ( & z) = (E') , a HanpasJ1eH115! .usm1<eHm1 qac-

Tl11.\bI Hepa3JJHGl1Mbl, noJJyt.IaeM: 

P= 2N (E') 
V 3 . 

(2.1.26) 

PaHee MbI noJ1yq11J111 Bb1pa)!(eH11e (2.1.17) .UJJ51 :rneprn11 o.uHoì-i t.IaCTl11.\bI. 

Tio.ucTaBHB ero B (2.1.26), nOJJYGIIM: 

11Jll1 

P=!!_ 
/JV' 

PV = NI_. 
fJ 

(2.1.27) 

CpaBHIIBa51 :no ypaBHeH11e e xopowo nposepeHHblM B pa3HbIX ::i1<cnep11-

MeHTax ypaBHeH11eM COCT051Hl151 11.ueaJJbHOrO ra3a 

noJJyqaeM Bb1pa)!(eH11e .UJJ51 /J: 

PV=NkT, 

I 
/J= kT' 

r.ue T - a6comoTHa51 TeMnepaTYPa, k = 1,3 8 · 10-23 ,Il,)!(·~ 1 

bOJlbl(MaHa. 

(2.1 .28) 

nOCT051HHa51 

TaKa51 npocTa51 CB513b Me)!(.uy fJ II TeMnepaTypoì-i cymecrnyeT TOJJbKO .UJJ51 

11.ueaJJbHoro raJa. B o6meM CJJYt.Iae fJ - CTaT11CTIIGeCKIIH napaMeTP, xapaKTe

. p113YIOIUHH pacnpe.ueJ1eH11e sep051THOCTeì-i 3Hat.IeHl1H 3Heprn11 Cl1CTeMbl, 11 MO

)!(eT 6bITb CB513aH e TeMnepaTypoì-i 6oJJee CJJO)!(HbIM o6pa30M. 

CooTHorneH11e (2.1.28) n03BOJJ51eT Bb151CHIITb, HaCKOJJbKO onpas.uaH 6brn 

nepexo.u K HHTerp11poBaH1110 B (2 .1.16). ,Il,JJ51 TaKOro nepexo.ua 1<o::icpcpHL\IIeHT 

h2 
np11 i2 .UOJJ)!(eH 6bITb MaJJ, T. e. /J--2 << 1 . .l1cnoJJb3Y51 B KaGeCTBe KOHKpeT-

8mL 
2 

~ 3 fJ h -15 
HOl1 Cl1CTeMbl 1 CM reJJH51 np11 TeMnepaTYPe 6 K, nOJJYt.IHM, GTO --2 <IO . 

8mL 
,Il,JJ51 6oJJee T51)!(eJJb!X MOJJeKyn, 66JJbllil1X o6beMOB 11 6onee BbICOKHX TeMnepa

Typ JJeBa51 t.IaCTb 3Toro HepaBeHCTBa CTaHOBl1TC51 eme MeHbllie, T. e. B 60JJb

llIHHCTBe npaKTHt.IeCKl1X cnyt.IaeB nepexo.u K l1HTerp11poBaHHIO nOJJHOCTb!O 

onpaB.UaH. 
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3aKO~hlTepMO~HHaMHKH 

HyneBoH: 3aKoH TepMo,z:urnaMttKH 

I1p11 CTaTHCTHT.JeCKOM ormcaHH11 .LIBYX 1130JI11pOBaHHbIX CHCTeM .[IJUI Ka)!(

.LIOH 113 Hl1X HY)!(HO BBeCTl1 Heonpe.r1e11eHHbIH MH0)!(J1TeJ!b Jiarpa H)!(a /J, T. e . Ka

)1(.[laH c11cTeMa 6y.z:1eT 11MeTb cBoro co6cTBettttyro TeMnepaTypy. Ecm1 c11cTeMbI 

np11BeCTl1 B TeCTJIOBOH KOHTaKT ( Cl1CTeMbl MoryT 06MeH11BaTbCH 3Heprneì1, HO 

He BemecTBOM), TO OH11 rrepeCTaIOT 6b!Tb He3aBJ1Cl1MbIMl1, 0 .[IHaKO nÒmraH 

3 Hepr11H 06e11x CHCTeM .LIOJI)!(Ha 6bITb paBHa CYMMe 11X 3Heprnì1 .LIO B03 Hl1KHO

BeHJ15I KOHTaKTa. C11e.r10BaTeJ1bHO, B 3TOM c11yqae .LIJIH paBHOBeCHOro COCTOHHl15I 

MO)!(HO B8eCTl1 TOJibKO 0.[111H Heonpe.[leJieHHblH MH0)!(11TeJ!b Jiarpatt)!(a .LIJIH co-

80KYITHOCTl1 06e11x Cl1CTeM, l.JTO 0 3 HaT.JaeT, l.JTO 8 o6ewx Cl1CTeMax 8 pa8HOBec

HOM COCT05IH1111 TeMrrepaTypa 6y.L1eT 0.LIHOH 11 TOH )!(e. '.:ho COCTaBJ!HeT cyTh Hy

JieBoro 3aKOHa TepM0.[1!1HaMJ1Kl1. 

IIepBhitt 3aKOH TepMo,nttHaMHKH 

Cpe.LIHHH 3Hepr11H c11cTeMbI (8MecTo (E) 6y.z:1eM rr11caTb E, Kor.z:1a 3TO He 

Bbl308eT He.z:1opa3YMeH11ì1) : 

N 

E= LPi5 i, 
i= l 

r.z:1e é; - 3Hepr11H Cl1CTeMbI B i-M .Lll1CKpeTHOM COCT051H1111, p; - 8ep05ITHOCTb 

o6Hap~eHl15I Cl1CTeMbl B i-M COCTOHH1111 . l13MeHeHl151 3Heprn11 np11 MaJ!blX 

B03MymeHl15IX Cl1CTeMbI MO)!(HO 3an11caTb 8 811.[le 

dE = LPidé; + L é;dP;. (2.1.29) 

I1p11MeHHH rrp11Hl.(11Il MaKC11MYMa 3 HTpon1111, MbI Cl.J11Ta1111 E:; 11 p; CTOCTOHH

HblMl1, l.JTO COOTBeTCT8yeT pa8H08eCHOMY COCTOHHl1IO. 0TKJIOHeHl1H OT pa8HO

BeCl151 B (2.1.29) 6ecKOHel.JHO MaJibl. 3TO Bbipa)!(eH11e MO)!(HO nepen11caTb B 811.[le 

dE = -dQ,. - -dW,. , (2.1 .30) 

r .z:1e -dQ,. = LéidPi u -dW,. = - L pidéi cooTBeTCTBYIOT .LIBYM pa31111T.JHhIM 

c noco6aM 113MeHemrn 3Hepnm cttCTeMbI: 113MeHeHttro 3Hepr1111 8 !f>opMe Ten110-

TbI -dQ 11 pa6oTe c11cTeMbI --dW. C11MBOJ1 -cf ttcno11b30BaH 3.z:1ecb .LIJIH Toro, 

LIT06bI IlO.[IT.JepKHYTb, l.JTO 8 o6meM c11yqae npttpameHH51 TeITJIOTbl 11 pa60TbI He 

l!BJIHIOTCH ITOJ!Hb!MH .LIH!f>!f>epeHl.(HaJ!aMH napaMeTIJOB CHCTeMbI. 11H.[leKC r 060-

HaT.JaeT 06paT11MOCTb rrpouecca. 06paTHMblH rrpouecc - 3TO TaKOH npouecc, 
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"-

npH KOTOpOM P; H C; HMelOT 0,UHH H Te )!(e B03M0)!(Hble 3Ha'!eHH51 BO scex qaCT51X 

CHCTeMbl. KoJIH'!eCTBO TeIIJIOTbl, KaK npaBHJIO, onpe.ueJIHTb no H3MeHeHH51M B 

caMOH CHCTeMe HeB03M0)!(H0 - ero onpe.ueJI5llOT no H3MeHeHH51M B Ka

KOÌ1-m160 CTaH.uapTHOH CHCTeMe npH TaKOM )!(e TenJIOBOM B03,UeHCTBl1H. ITo

)TOMY npH -dQ HH,UeKC r IIHCaTb .uanee He 6y.ueM. 

EcnH CHCTeMa co cpe.utteì1 3Heprneì1 E cosepumna pa6ory npoTHB 0606-

meHHOH CHJibI F H npH 3TOM H3MeHHJiaCb o6o6meHHa51 KOOp.UHHaTa X CHCTeMbl, 

rn dE = -Fdx = dW . ITo3TOMY 0606iuetttty10 CHJIY MO)!(HO onpe.uenHTh KaK 

Fx =-(~:) . 
ITycTh CHCTeMa HaXO.UHTC» B .UHCKpeTHOM cocTO»HHH k e 3HeprHeì1 ck. To

r.ua npH H3MeHeHHH o6o6meHHOH KOOp,UHHaTbl CHCTeMbl X; OHa COBepllIHT pa6o

TY npoTHB o6o6iuettttoì1 cHJihI Fki· ITo3TOMY MO)!(eM JanHcarh: dck = - Fkidxi, 

T. e. Fki = -( ack ) . Torna cpe,UHee 3Ha'IeHHe CHJlhl , .ueì1cTBy101UeH no KOOp,UH-
axi 

HaTe X;, 6y.uer paBHO 

(Fi)= LPkFki =-L.Pk(ack) · 
k k axi 

(2.1.31) 

TaKOH npol.(ecc, npH KOTOpOM H3MeHeHHe reoMeTpHH CHCTeMbl conpOBO

)!(,UaeTC51 H3MeHeHH51MH JIHillb 3HeprHH ,UHCKpeTHhIX COCT051HHH, HO He pacnpe

.ueneHH51 Bep051THOCTeì1, 6y.ueM Ha3bIBaTh o6paTHMhlM. 

Kor.ua KpOMe cpe.utteì1 3HeprHH CHCTeMbl HH'!ero 6onee o HeH He H3BeCT

HO, pacnpe.ueneHHe Bep051THOCTeì1 .uaeTCll cpopMYJJOH (2.1.14 ): 

-~-/Jc 
Pi =e '. 

Bh1pa3HM ck qepe3 Pk H no.ucraBHM B (2.1 .31 ): 

In Pk =-'I' - /Jck ' 

T. e. 

ck = - In Pk + 'l' 
/J , 

CJie,UOBaTeJibHO, 

(Ff)=-LPk - =-LPk-(Inpk+'l')=--L.pk=-- . (2.1.32) (
ack) 1 a 18'!' 18'!' 

k axi /J k axi /J axi k /J axi 
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B KaqecTBe rrpHMepa JICITOJlh30BaHJl51 :noro COOTHOWeHJl51 orrpeneJJHM 

o6o6meHHYIO CHJJy, corrpmKeHHYIO e o6o6meHHOH KOOp)lHHaTOì1 - o6beMOM 

CHCTeMhI, cocromueì1 H3 HneaJJbHoro raJa: 

(F )=--=-- Nln -(27rmkT)12 +N =--=-=P. 1 8'l' I a { [ V 3/] } N 1 NkT 
v fJ av fJ av Nh 3 /3 v v 

EcnH B (2.1.32) ( F;) paccMaTpHBaTh KaK cpenHee 3HalJeHHe i-ì1 KOMITO

HeHThI BeKTopa CJ!Jlbl F, TO 3TOT BeKTOp MOlKHO 3aITJICaTb B BJl)le 

I 
(F) = -grad 'I'. 

/3 
TaKHM o6pa3oM, cpyHKUHIO Maccbe MOJKHO paccMaTpHBaTb KaK rroreHI.i;Han 

nomi o6o6meHHoì1 cHJJbI (F). 
06o6meHHYIO CHJJY MOlKHO Bblpa3J!Tb JI 4epe3 BeJJJllJHHY pa60Tbl B o6pa

Tl1MOM rrpouecce. Pa6orn CHCTeMbl B o6paTHMOM rrpouecce paBHa 

dWr = -2.pidc; . 

EcnH B 3TOM rrpouecce H3MeHHeTC51 TOJJbKO o6o6meHHa51 Koopn11Hara x1, 

Be· 
TO d E:; = --1 dx j , IT03TOMY 

axj 

T. e. 

dWrj =-2.P;[ac;]dxj =(Fj)dxj, 
j axj 

(Fj) awrj 

axj 
(2.1.33) 

B 3TOM COOTHOWeHHH (F;) - OlKH)laeMa51 BeJJJ1q11Ha CJ!Jlbl rrpH 113MeHe

Hl1JI o6o6meHHOH KOOp)l11HaTbl Xj, a dW1- OlKH)laeMOe rrp11pamem1e pa60Tbl B 

TOM rrpouecce. Ecn11 rrpH 113MepeHHJI pa60TbI cJicTeMbI B KaKOM-TO rrpouecce 

no B03)leÌ1CTBl1IO 3TOH CJICTeMbl Ha OKpYJKa!Oll.{Jle Tena OKalKeTC51, lJTO OHa OT

JJHlJaeTCJI or Wn ro TaKoì1 rrpouecc MbI 6y.neM ClJJITaTb Heo6paTJIMhIM. EcnJI 

CHCTeMa COBepwaeT rrepexon MelK)lY JlBYM51 6eCKOHelJHO 6JJH3KJIMJI COCT051-

lll151MJI (6eCKOHelJHO MaJJblH rrpouecc), TO )lJJJI ee pa60Tbl Bb!ITOJJm!eTC51 COOT-

11oweHJ1e dWr ~ dW; (pa6ora 0KpyJKa10meì1 cpenb1 Han rncreMoì1 MMeer o6-

paTHhiì1 3HaK, IT03TOMY ldWr I ~ ldW; I). 
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B COOTBeTCTBl111 e (2.1.30) 113MeHeH11e ypOBHdi :rnepnm Cl1CTeMbl CB513a

HO e COBepweH11eM pa60Tbl (nonmK11TeJJbHOH 11Jll1 OTp11L\aTeJJbHOH), T. e. e 113-

MeHeHl1eM BHewH11x Koop.n11HaT c11cTeMbI. ITo3TOMY cpyHKL\1151 Maccbe c11cTe

Mb1 3aBl1C11T TOJlbKO OT ee BHeWHl1X KOOp,ll11HaT, a 3Ha411T, 11 cpe,llH5151 3Hepr1151 

Cl1CTeMbl 3aBl1Cl1T TOJlbKO OT 3Tl1X nepeMeHHbIX: 

TaK KaK 

a'P (E) = E= -- = E(/3, {x;}); ap 

L Eie- /Jli; 

\f' = ln(Ie-/J6
; J, To E = _i __ 

i L e-/Jli; 
i 

3To 03HatJaeT, lJTO cpe,llH5151 :rnepr1151 51BJJ51eTC51 cpyHKL(l1eH COCT051H1151 Cl1C-

TeMbl, n03TOMY 

~dE =0, (2.1.34) 

T. e. eCJJl1 Cl1CTeMa npoxo.n11T L\11KJJ 113MeHeHl1H, B pe3yJJbTaTe KOTOporo OHa 

B03BpamaeTC51 B HatJaJJbHOe COCT051Hl1e, TO ee cpe,llH5151 :rnepr1151 TaK)!(e np11Hl1-

MaeT HatJaJJbHOe 3HatJeH11e. 

C yqeTOM (2.1 .30) MO)!(HO 3aITJ1CaTb: 

~(-dQ--dW) =o. (2 .1.35) 

3TO ypaBHeH11e - cf>opMyn11pOBKa nepsoro 3aKOHa TepMO,lll1HaMl1Kl1, 

npe,llJlO)!(eHHa51 ,Il)!( . ,Zl)!(oyneM. CMbICJl 3TOH 3an11c11 COCTOHT B TOM, lJTO pa3-

HOCTb Me)!(.ny KOJll14eCTBOM TenJJOTbl , nonyqeHHOH CHCTeMOH, 11 COBepweHHOH 

efO pa60TOH 51 BJ151eTC51 cpyHKL(HeH COCT051HH51. 3rn cpyHKL\1151 COCT051Hl151 Ha3bIBa

eTC51 BHYTpeHHeì1 3 Hepr11eil: . Ta1<11M o6pa3oM, BHYTpeHHH51 3 Hepr11H - 3TO Ma

TeMaT11tJec1<oe 0)!(11,llaH11e nOJJHOH 3 Hepr1111 Cl1CTeMbl. 

CooTHoweH11e (2.1.35) MO)!(HO nepen11caTh B s11.ne 

~-dQ=~-dW' (2 .1.36) 

113 KOTOporo 51BHO cne.nyeT, lJTO B 3aMKHYTOM L\11KJJe 113MeHeH11e 3 Hepr1111 Cl1C

TeMbl 3a ClJeT pa3HOCTl1 TeMnepaTYP paBHO pa6oTe Cl1CTeMbl. 

,Zl1151 ·MaKpOCKOn11qecKoro on11caHJ15! Cl1CTeMbl , COCTOHlL(eH ·113 HeB3al1MO,lleH

CTBYfOIL\11X TO)!(,lleCTBeHHb!X tJaCTl11..( (Hanp11Mep, 11.neaJJbHbIH ra3), .nocTaTOlJHO 

3HaHJ151TeMnepaTYPbl11 MexaHHtJeCKHX napaMeTPOB (Koop.n11HaT) Cl1CTeMbl. 

IIepBbIH 3aKOH TepMo.n11HaM11K11 HaKJJa.nhmaeT orpaHH4eHl151 Ha B03MO)!(

Hbie COCTOHHl1H Cl1CTeMbl, npe.nocTaBJJeHHOH caMoe ce6e n1160 no.nsepraeMOH 

KOHTpon11pyeMOMY B03,lleHCTBl1fO, HO Hl1tJero He rosop11T o xapaKTepe 113MeHe

Hl1H COCTOHHl1H. 3BOJlfOl..(11H 1130JJ11pOBaHHOH Cl1CTeMbl, npe.nocTaBJJeHHOH caMa 

ce6e, npoxo.n11T np11 E = const. · 
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11TaK, nepeblU 3QKOH mepMOÒUHQMUKU - 3aKOH coxpaHeHl151 :rnepr1111 .[(n51 

TennOBhIX npoueccoB - ycTaHaBmrnaeT CB513h Me)J(.[(y KOnH'leCTBOM TennOThl 

(Q), nonyYeHHO~ c11cTeMoii:, 113MeHeH11eM (/iU) ee BHYTPeHtteii: 3Hepr1111 11 pa-

6ornii: (A), eosepweHHOH Ha.[( BHeWHl1Ml1 TenaMl1 11n11 Ha.[( eaMOH e11eTeMOH. 

TaK11M o6pa30M, nepsbl~ 3aKOH TepMOA11HaM11K11 yrnep>K.[(aeT, 4TO np11 mo6b1x 

H3MeHeH11>1X (ct>opMbl) 3HeprnH nOJlHOe KOJ1H4eCTBO 3HeprnH B CHCTeMe OCTaeT

C>I HeH3MeHHblM HJlH >Ke H3MeH>ieTC>I Ha Bef1H4HHY cosepwaeMO~ (HaA) CHCTe

MO~ pa6oTbl. 
... 

IIpoueeehI, Hapywa10mtte nepBhIH 3aKOH TepMOAHHaMl1KH, He113seeTHbJ. 

IIepBbIH 3aKOH TepMOAl1HaMHKH He yernHasn11saeT HanpasneHH51 TennoBbIX 

npoueccos. 

0.nHaKO eaMonp0113BOnbHbie TennOBbJe npouecehl MOfYT npoTeKaTb TOnb

KO B O.[(HOM HanpasneHH11 - Heo6pamUMbte npo14eccb1. Hanp11Mep, np11 Tenno

BOM KOHTaKTe )J.Byx Ten e pa3HhlMH TeMnepaTypaMl1 Tennosoii: nOTOK seer)J,a 

HanpasneH OT 6onee Tennoro Tena K 6onee xono.nttoMy. H11Koma He Ha6n10)J.a

eTe5! eaMonpo113sonhHbIH npoueee nepe)J.a'lH Tenna B o6paTHOM ttanpasneH1111. 

Cne)J.OBaTenhHO, npoueee Tennoo6MeHa np11 KOHe'IHOH pa3HOeTH TeMnepaTyp 

51Bn51eTC51 Heo6paTl1MhlM. 

ilo onpe)J.eneH1110, o6pamuMbtMu npo14eccaMu Ha3hrna10T npoueeebI nepe

xo)J.a e11eTeMbl 113 0.[(HOro paBHOBeeHoro eoeT051H1151 B .npyroe, KOTOpble MO)J(HO 

nposeeT11 B o6paTHOM HanpasneH1111. Yepe3 TY )!(e nocne.nosaTenbHOeTb npoMe

)!(YTO'lHhIX pasHosecHbIX eoeT051HHH. IIp11 3TOM eaMa c11eTeMa 11 0Kp~a10m11e 

Tena B03Bpamal0Te51 K HCXO.[(HOMY eoeT051HHIO. IIpol]eeebI, B xo.ne KOTOpblX c11e

TeMa Bee speM51 oeTaeTC51 B COCT051HHH paBHOBee115!, Ha3b!Bal0Te51 K6Q3UCmamu

'leCKUMU. Bee KBa311ernT11YeeK11e npoueceb1 o6paTl1MbI (11 Hao6opoT). IIepBbIH 

3aKOH TepMO)J.11HaMl1Kl1 He MO)!(eT OTnH411Tb o6paTl1Mble npol]eeebI OT Heo6pa

Tl1MblX. OH npoeTo Tpe6yeT oT TepMOAl1HaM11YeeKoro npo1Jeeea onpe)J.eneHHO

ro 3HepreT11YeeKoro 6anaHea 11 HH'lero He rosop11T o TOM, B03MO)!(eH TaKOH 

npoueee ttnH HeT. 

Hanpasnett11e eaMonpo113BOnhHO npoTeKa10m11x npo1Jeecos yernttasn11sa

eT BTOpoii: 3aKOH TepM0.[(11HaM11K11. OH MO)!(eT 6hITb cQiopMyn11posaH B s11.ne 3a

npeTa Ha onpe.neneHHhie B11Ahl TepM0.[(11HaMH'leCKl1X npol]eeeos. 

BTopoì1 3aKOH TepM0~1rnaM11K11 

B eoeT051H11H pasttosee1151 S = Smax . Een11 3HTpon1151 3aKpbITOH e11eTeMbI 

He MaKe11ManbHa, TO e11eTeMa 3BOnlOUHOH11pyeT TaK, 4T06bl 3HTPOn l151 ysen11-

'll1Banaeb . 

.D:ttQiQiepeH1]11py51 (2.1.21 ), nonyYHM : 

dS = K( d'f' + /JdE + Ed/J). . (2 .1.37) 
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IlocKOJJhKY 'I'= ln Le -/Jc; , r.ue ci =ci ( L, {xi}, { const}) - ypoBHH 

3HeprnH CHCTeMhl, TO cpyHKl..(Hll Macche l!BJJlleTCll cpyHKl..(Heii TOJJhKO o6o6meH

HhIX KO~.UHHaT H /J: \}' = \}' ( /3' {xi}) . Il03TOMY 

d'I' = a'!' d p + L a'I' dxi . 
ap i axi 

(2 .1.38) 

Ilo.ucrnsHB :no Bhipa)J(eHHe s (2 .1.37) H j"ITll (2.1.32), noJJyqHM : 

dS = K(- Edfi + i;./J(F;)+ fidE + Edfi). 

HJJH 

dS = K/J( dE +i; (F; )<i<; l (2.1.39) 

1'13 nepsoro 3aKOHa TepMO,UHHaMHKH CJJe.uyeT, qTQ dE =-dQ--dW. 06mee 

Bhipa)J(eHHe .UJJll npHpameHHll pa60Thl 0606meHHhIX CHJJ: 

-dW = _LF;dxi 

r.ue F; - seJJHqHHa o6o6Il]eHHOH CHJlhl, .ueiicTByIOil]eH no o6o6Il]eHHOH KOOp

.UHHaTe X;. 

I 
YqTeM cpaJy, qTQ f3 = - . Tor.ua (2.1.39) npHMeT BH.U 

kT 

dS= ~[i+ i;.(!F;~-F; )ruc1 (2.1.40) 

::ho Bh!pa)J(eHHe Ha3hrnaeTCll BTOphIM 3aKOHOM TepMO.UHHaMHKH, KOTOphIH 

HrpaeT oqeHh sm1rny10 pOJJh s TepMO.UHHaMHKe. Otto CBll3hIBaeT H3MeHeHHe 3H

TPOTIHH CHCTeMhl e KOJJHqecTBOM TeTIJJOThl, TIOJJj"IeHHOH CHCTeMOH, H BeJJHqH

HOH pa6oThI, cosepweHHOH CHCTeMoii. KpoMe Toro, 3TO Bh1pa)J(em1e n03BOJJlleT 

onpe.ueJJHTh H TeMnepaTYPY· BI>16op nocTOllHHOH K onpe.ueJJlleT e,UHHHUY H3-

MepeHHll TeMnepaTyphI. 3ttaqeHHe K = k cooTBeTcTByeT Bh16opy a6coJJIOTHOH 

LUKaJJhI TeMnepaTyp . 

y BTOporo 3aKOHa TepMO.UHHaMHKH MHO)J(eCTBO pa3JJHqHhIX cpopMyJJHpO

BOK, HO cpopMaJJhHal! CyTh HX scex CBO.UHTCll K ypasHeHHIO (2.1.40). HaH6oJJee 

nonyJJllpHhl CJJe,UyIOil]He cpopMYJIHpOBKH. 
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«nocrynaT K11ay311yca». npol..leCc, np11 KOTOpOM He npo11CXOA11T APYfl1X 113Me

HeH11C1, KpOMe nepeAa411 TenllOTbl OT rop514ero Te/la K XO/lOAHOMy, 5lB/l5leTC5l He

o6parnMblM, T. e. Ten110Ta He MO>KeT nepeC1rn oT xonoAHOro Tena K rop514eMy 

6è3 KaK11x 111160 Apyrnx 113MeHeH11C1 B rnaeMe. 

Écm1 .norrycn!Th, Harrp11Mep, qTQ Tenno MO)l(eT caMOIIp0113BOnhHO (T. e. 

6e3 3a"I"paThl BHeurneii pa60ThI) rrepeXOA11Th rrp11 Terrnoo6MeHe OT xono.nttoro 

Tena K rop51qeMy, TO MO)l(HO rrp11HTl1 K BhIBOAY o B03MO)l(H0CTl1 C03AaHl151 «Beq

HOro AB11raTenJI BTOporo po.na». 

«nocrynaT KeJihBHHa». npol..lecc, np11 KornpoM pa6oTa nepeXOA11T B Ten110Ty 6e3 

KaK11x 111160 APYrHX 113MeHeH11C1 B rnaeMe, 5lB115leTC5l Heo6paT11Mb1M. HeB03MO>K

HO npesparnTb B pa6ory BCIO Ten110Ty, B351TYIO OT 11CT04Hl1Ka e OAHOPOAHOC1 TeM

neparypoC1 (TepMoCTaTa), He BHOC5l Apyrnx 113MeHeH11C1 B rnaeMy. 

AHrn11iicK11ii cp11311K Y ToMCOH ccpopMyn11posan BTOpoii 3aKOH TepMOA11Ha

Ml1Kl1 B TaKOM Bl1,Ue: pa6ory MO)l(HO rrepeBeCTl1 uen11KOM B Terrnory, HO Tennory 

Henh351 rrepeBeCTl1 uenl1KOM B pa6ory. 3JieKTP03Heprmo aKKYMYJillTOpa HecnO)l(

HO rrepesecT11 B TeIIJio, 3aMKHYB ero KJieMMhI. Mexattw1ecry1-0 3Hepr111-0 spa

maI-OmerocJI Koneca nerKo nepesecT11 B Tenno nocpe.ncTBOM "I"peH11JI. 0.uttaKo co

o6meHHoe nI-060MY Teny TeIIJIO Hl1KOr.na He 6y.ueT nepese.neHO B pa6ory nonHO

CThl-0. lfacTh ero HerrpeMeHHO paccecrcJI, nepeii.neT K OKp~aI-OIU11M TenaM. 

B 1996 r. n . A. onI-OMempenh)l (1921 - 2002) n11can B CopOCOBCKOM o6-

pa30BaTenhHOM )J(ypttane, qTo 3a 20 neT .uo noJIBneH11JI pa6oT K. llleHHOHa 

attanl130M 11HcpopMau1111 3aHl1ManCJI BeHrepCK11H cp11311K neo Cu11nnap.u B CBJl-

311 e pernett11eM o.nHoro TepMOAl1HaM11qecKoro napa.noKca, rrpe.uno)J(eHHoro 

,[()!(. K. MaKcsennoM eme B XIX B. CMhicn napaòoKca MaKCBeJllla 3aKnI-Oqa

eTcJI B cne.nyI-OmeM. 

J13on11poBaHHM Cl1CTeMa, COCTOJllllaJl 113 pa3.neneHHOro Ha )lBe qaCTl1 pe3ep

syapa e ra30M 11 e .nsepueii B neperopo.nKe, co.uep)l(11T Ha cn~6e «AeMoHa» ( cy

mecTBO 11Jil1 aBTOMaT), Ha,UeneHHOro cnoco6HOCThl-O OTJ111'IaTb 6hJC"I"phie MOnery

nhI OT Me.[\JieHHhlX. ,[(eMOH OTKphIBaeT )lBepuy TOnhKO B TOM cnyqae, ecn11 K Heii 

cnpasa noAJieTaeT 6hICTPM Moneryna. Tio3TOMY ra3 B nesoii qacT11 pe3epsyapa 

6y.ucr HarpeBaThCJl, a B npaBOH - OCTbJBaTb. TaKl1M o6pa30M, B mon11poBaHHOH 

CHCTeMe Tenno 6y.neT nepeXOAHTh OT xonO)lHOro Tena K rop51qeMy e IIOHl1)1(eH11eM 

3H"I"p0IIl111 Cl1CTeMbl B npOTl1BOpeq1111 CO BTOpbIM 3aKOHOM TepMOA11HaMl1Kl1. 

Cu11nnap.u, paccMO"I"peB o.n11H 113 ynpomeHHhIX sap11aHTOB napa.uoKca MaK

cBenna, o6paTHJI BHl1MaH11e Ha Heo6XO)ll1MOCTh nonyqeHl151 11HcpopMaU11H o MO

rreKynax 11 OTKpbIJI CB513h Me)l()ly 11HcpOpMau11eii 11 TepMOAl1HaM11qecKl1MH xa

paKTep11CTHKaMl1. B AaJihHeiirneM pernett11e napa.uoKca MaKcserrna 6hrno npe.u

JIO)J(eHo MHOrHMl1 aBTOpaMl1 (Harrp11Mep, n. Ep11nnI-OeHOM). CMbICn BCex 

perneH11ii 3aKnI-OqaeTcJI B cne.uyI-OmeM: 

llfHcjlopMal..l1110 He/lb35l nonyYaTb 6ecn11aTHO. 3a Hee np11xo,n.11Trn nnarnTb 3Hep

rneC1, B pe3y11bTaTe Yero 3HTpon1151 rncreMbl nOBb1waeTrn Ha sen11Y11Hy, no KpaC1-

HeC1 Mepe paBHYIO ee nOHl1>KeH11IO 3a C4eT no11yYeHHOC1 l1HcjJOpMau1111. 
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TennOBbie MaUJl1HbI 

. MawuHoù B cpm11Ke Ha3bIBaeTcl! yc1"pOHCTBO (mrn KOHCTIJYKUHll), o6na

.umoruee cnoco6HocTbfO npeo6pa30BbIBaTb cpopMy :rnepnm, coseprnaTb pa6ory. 

Temll<JBOH Marn11Hoì1 Ha3bJBafOT ycTpoì1crno, cnoco6Hoe npespamaTh Tem10syf0 

'.}Heprn!O (Tern10ry) B MexaHR'leCKYfO pa6ory. 06bilJHO TerrnOBbie MaWHHbl pa-

6oTafOT u11Kn11LJeCK11 no onpe.ueneHHOMY TepMo,n11HaM11LJecK0My UHKny. TepMo

.u11HaM11LJeCKHM UHKnOM Ha3bIBafOT nocJJe)lOBaTenbHOCTb rrpouecCOB 113MeHeHl1ll 

TepMO)lHHaMHLJeCKHX rrapaMeTpOB CHCTeMbl, rrpOH.Ull KOTOpyfO CHCTeMa OKa3bl

saeTCll B HCXO.UHOM COCT0l!Hl111. IlpespameH11e TennOTbl B MeXaHHLJeCKYfO pa6o

TY ocyruecTBJJl!eTCll 3a ClJeT 113MetteHHH BHYTpeHHeì1 3Hepr1111 pa6oLJero Tena 

MaWHHbl, KOTOpbIM 06b!lJHO cn)')K11T ra3 11n11 nap. l13MeHeHHll BHYTpeHHeH 

3Hepr1111 pa6o'lero Tena Bbl3bIBafOTCll H3MeHeH11eM ero TeMrrepaTypb1. 

PaCCMOTpHM rrpOCTeHWYfO TerrnosyfO Maw11Hy, pa6o'lee Teno KOTOpoì1 

11p11BOllHTCll norrepeMeHHO B TennOBOH KOHTaKT e .UBYMll TepMOCTaTaMH: «Harpe

BaTeneM» e TeMrrepaTYPOH T1 11 «xonon11JJbHl1KOM» e TeMrrepaTYPOH T2 ( 7ì > T2 ). 

IlyCTb -dQi '-dQ2 - KOn11'leCTBa Tennosoì1 3Hepr1111, rronylJeHHbie pa60'-IHM Te

noM MaWl1Hbl OT HarpeBaTeJlll 11 xonon11nbHl1Ka COOTBeTCTBeHHO, a -dW - co

sepweHHal! efO pa6oTa. 

BHYTPeHHllll 3Heprnll 11 3HTpo1111l! Tennosoì1 Maw11HbI - cpyHKU1111 co

CTOl!HIDI, 110'.}TOMY no 3asepweHHl1 Ul1Kna HX 113MeHeHH51 paBHbl HynfO: 

dE =-dQ--dW =-dQ1 +-dQ2 --dW =O, 

dSo = dS + dS1 + dS2 ~ O , 

(2.1.41) 

(2. I .42) 

r.ue (-dQ1 + -dQz) - KOnHLJeCTBO TennOTbl, llOnYt.IeHHOe MaWl1HOH 3a UHKn, 

dSo - 113MeHeHHe 3HTp011Hl1 BCeH CHCTeMbl, dS = o - H3MeHeH11e '.}HTpOllHH 

MaWHHbl 3a UHKn, dS1 11 dS2 - 113MeHeHJ151 '.}HTpOllHH TerrnOBbIX pe3epsyapos, 

-dW - pa6oTa MaWHHbl. 

Ecn11 npoueccbI npoBOll51TC51 06paT11Mo, TO 

dS1 =- -dQ1, dSz =- -dQz . 
7ì T2 

(2 .1.43) 

YLJHTbIBaR (2.1.4 I) 11 (2.1.43), H3 (2.1.42) nonyLJaeM: 

dSo=dS1+dSz=-(-dQ1 + -dQz )=~(-dQ1 + -dW - -dQ1 )=-dQ1(_!_ _ _!__)- -dW, 
7ì T2 . 7ì Tz Tz Tz 7ì Tz 

11n11 

( 7ì -T2J -dW = -dQ1 -T.-1 - - T2 dS 2 . (2. I .44) 
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0THOWem1e pa60Thl, COBepweHHOH Maw1rnoì1 3a UHKJI, K KOJJH4eCTBY Te

nJJOThl , nOJJY4eHHOH Mawm1oì1 3a TO )!(e BpeMll OT HarpeBaTem1, Ha3hrnaeTCll 

KO:HpqmuHeHTOM noJJe3HOro )leHCTBHll (KTI)J,). 

J.13 (2.1.44) )lJJll KTI)J, HMeeM: 

_ _ -dW 7j - T2 ( dS0 J KTI)J,= TJ= - = ---T2 - . (2.1.45) 
-dQ1 7j -dQ1 

TaK KaK T1 > T2, TO KOJJH4eCTBO TenJJOThI, nOJJ)"-leHHoe MaWHHoì1 OT ttarpe

BaTeJlll 3a UHKJJ -dQ1 > O . CJJe)lOBaTeJJhHO, Bhipa)l(eHHe B CK06Kax B npasoì1 4ac

TH (2.1.45) scer.z~a HeOTPHUaTeJJhHO. TIOCKOJJhKY a6COJJJOTHall TeMnepaTYPa sce

ma HeOTPHUaTeJJbHa, BTOpoì1 4JJeH B (2.1.45) MO)l(eT TOJJhKO YMeHhWHTh KTI)J, 

MaWHHhJ. CJJe)loBaTeJJhHO, MaKCHMaJJhHhIH KTI)J, TenJJosoì1 MaWHHhI paseH 

7j -T2 
T/max = -T.-- , 

l 
(2.1.46) 

me T1 - TeMnepaTypa ttarpesaTeJJll. TIOJJ)"-leHHoe cooTHOllleHHe Ha3hIBaeTcll 

TeopeMoì1 Kaptto. Brnpoì1 4JJeH B npasoì1 4aCTH (2.1.44) Ha3hJBaeTcll )lHCCHna

u1-1eì1 H COOTBeTCTByeT pa6oTe npOTHB 060611-(eHHh!X CHJJ TpeHHll. 

Jlt06oì1 BH.ll 3HeprnH npespall.(aeTc», nepe.uasa»Ch pa6o4eMy TeJJy npH co

sepweHHH pa60Thl, B TenJJo, HO TenJJOBall 3Heprm1 He MO)l(eT ueJJHKOM CTaTh 

pa6oToì1 . EcJJH 6h1 He npoHCXO)lHJJO )lHcc11nauH11, JJJ-06oì1 npouecc B np1-1po.ue 

6b1Ìl 6b1 o6paTHM. B 3TOM cJJy<Iae tte CYllJeCTBOBaJJo 6b1 speMeHH, T. e . He 6b1JJ0 

6b! HH npOWJJOro, HH HaCTOllll.(ero, HH 6y)lYllJero . TI03TOMY BTOpoe Ha4aJJO 

TepMO)lHHaMHKH cpopMyJJHpyeTCll ell.(e H TaK: JJJ-06oe npHpO)lHOe llBJJeH11e o6ec

ueHHBaeT 3HeprHJ-O. TioCKOJJhKY B COCTOllHHH paBHOBeCHll 3 HTpOnHll MaKCH

MaJJhHa, 3aKOH B03pacTaHHll 3HTponHl1 MO)l(HO npHHllTh B Ka4eCTBe ell.(e 0.UHOH 

cpopMyJJHpOBKH BTOporo 3aKOHa TepMO.UHHaMHKH, cornaCHO KOTOpOMY CKO

pOCTh 3TOro )lBH)l(eHHll K paBHOBeCHJ-0 onpe)leJJlleTCll CBOHCTBaMH CHCTeMhl 

(KOHCTPYKUHeì1 MaWHHhl), a ero HanpaBJJeHHOCTh onpe.ueJJlleT «CTpeJJy BpeMe

HH» ( cpopMyJJHpoBKa 11. P. TipHro)l(HHa). 

· Tpen:1ì1 3aKOH TepMO)J.HHaMHKH 

TiocKOJJhKY H 3Hepr11», H cpyttKUHll Macche c11cTeMhI e YMeHhWeHHeM 

TeMnepaTyphI YMeHhWaJ-OTCll, yMeHhwaeTc» H 3HTponHll. 113 (2.1.14) cJJe.uyeT, 

4TO OTHOWeHHe BepOllTHOCTeì1 .llBYX pa3JJH'fHhIX COCTOllHHH 4aCTHUhl paBHO 

_ P; _ - /J( E;-E1 ) 
Vij=--e , 

Pj 

no3TOMy, ecJJH j3 ~ oo H Ei > Ej, TO vij ~O. ::ho 03HaYaeT, 4TO npH CHH)l(e

HHH TeMnepaTyphl sepOllTHOCTH 3anOJJHeHHll scex ypOBHeH, KpOMe HaHHH3We

ro, CTPeMllTCll K HYJJJ-O. TipoHCXO.UHT «BhJMopa)l(11BaHJ1e» cocTOllHHH, OTJJH4HhIX 

OT OCHOBHOro. 
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TiycTh 'IHCJIO crroco6os peaJIH3al.(Hl1 COCT051HH51 e HH3IllH'M ypOBHeM 3Hep

r1111 paBHO no. TiocKOJibKY BCeM pearrH3al.(H51M '.)Toro COCTO.s!HH51 COOTBeTCTsyeT 

O.UHa H Ta )!(e 3HeprH51, OH11 .llJl51 Hac Hepa3JIH'IHMhl, crre.uosaTeJibHO, paBHOBe-

po.si:THhl. Tio3TOMY rrpH T ~ O 11MeeM : lim p = _!_, lim S = S0 , r.ue 
T -.+O no T -.+O 

I 

no j ( I ) S0 = -k I - In - = k In n0 :::: O. 
i=I no no 

(2.1.47) 

Tiocrre.uHee rrp116JIH)!(eHHOe paseHCTBO HMeeT MeCTO )lJI.s!: 60JiblllHHCTBa 

rrpaKT11<JecK11x crryqaes 113-Ja qpe3BbI'laì1Hoì1 MaJIOCTH rrocTO.siHHOì1 6orrbuMaHa. 

BerrH'IHHa S0 Hl1KaK He 3as11c11T oT rrapaMerpos c11cTeMbI, rro3TOMY rrp11 CHH)!(e

H1111 TeMrrepaTyphl .uo a6comOTHOro HYJI.s! OHa )lJI.si: Ka)!()lOH CHCTeMhl 6j'.lleT scer.ua 

O.UHOH H TOH )!(e. 3TO II03BOJI.si:eT IIOJI0)!(11Th 3HipOIIHIO Cl1CTeMhl B Ka)!()lOM KOH

KpeTHOM crryqae pasHoì1 Hymo rrp11 a6comOTHOM eyrre TeMrreparyphI. Crre.uosa

TeJihHO, 11 s o6meM cnyqae ee MO)!(HO rroJIO)!(HTh pasHoì1 Hymo. 3ro yrnep)!(.ueH11e 

qacTo Ha3hIBaIOT rpeTbHM 3aKOHOM TepMO.llHHaM11K11, Hn11 JaKOHOM HepHcTa. 60-

rree rro.upo6Ho e CyThIO TeopeMhI HepHcTa MO)!(HO 03HaKOMl1Tbc.si s [2). 

TerrnoeMKOCTb.3HTallbITH~ 

TerrrroeMKOCThIO c11cTeMhI s HeKoTopoM rrpouecce rrpH cp11Kc11posaHHOM 

rrapaMeTpe Cl1CTeMhl a Ha3hIBaeTC.si: seJIH'IHHa 

e -(-dQ) 
a - dT a 

B Ka'leCTBe rrpHMepa paccM0Tp11M TerrrroeMKOCTh 11.uearrhHOro raJa. CTp11 

P = const 11MeeM dQp = dE + dWp, r.ue dWp = PdV = d ( PV) s .uaHHOM crryqae 

.si:srr.si:eTc.si: rrorrHbIM .u11cpcpepeHu11arroM. 

YpasHeHHe cocro.si:HH.si: 11.lleaJihHOro raJa: PV = NkT , r.ue N - q11crro qac

T11U B Cl1CTeMe. Tor.ua rrp11 IIOCTO.s!HHOM .uasrreHHH 

Cp =(aE) +nR, 
ar P 

r.ue n = N / N A - q11crro Morreì1 qacTHU s CHCTeMe, R = N Ak - yHHBepcarrb

Ha.si: raJosa.si: rrocT051HHa.si . 

TiocKOJihKY p 11 V 51BJI.si:IOTC51 rrapaMerpaMH COCTO.s!HH.s!:, MO)!(HO IIOCipOHTh HO

ByJO <PYHKIIHIO coCT051HH51 H =E+ PV, Ha3hJBaeMyio 3HTarrbrrtteì1, KOTOpM o6rra

.uaer TeM j'.ll06HhlM CBOHCTBOM, 'ITO npH p = const dQp = dH H, COOTBeTCTBeHHO, 

Cp =(~~t· 
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ECJIH o6beM CHCTeMbl cp11Kc11posaH, TO 11.n:eaJibHbIH ra3 pa60Tbl He cosep

waeT, CT03TOMY dQv = dE 11 

dE 
Cv= dT. 

lh np11se.n:eHHbIX Bblllle paBeHCTB CJie.n:yeT, 'ITO .D:JUI H,[leaJibHOfO ra3a 

Cp-Cv=nR. 

06b1qHo HCCT0Jlb3YIOT Te!IJIOeMKOCTl1, OTHeCeHHbie K 0.D:HOMY MOJIIO seme

CTBa, TaK Ha3brnaeMbre y.n:eJibHbie TenJioeMKOCTl1 ( Cp 11 cv ). )J,lll y.n:eJibHhIX 

TenJIOeMKOCTeH HMeeM: 

cp-cv =R . 

TiocJie,[IHHe .n:sa COOTHOilieHl1.SI BbinOJIHmOTC.SI TOJibKO ,[\JISI 11.n:eaJibHOro ra3a. 

lh TeopeMbI o pasttopacnpe.n:eJiett1111 3ttepr1111 no CTerreH.srM cso6o.n:hI cJie-

.n:yeT, "ITO cpe.n:HRSI :rnepr11.sr 1.JaCTl1UbI .n:om1rna 6b!Th pasHa 'f kT , r.n:e i - q11cJio 

CTenetteif cso60.n:b1 rrocTYCTaTeJibHOro .n:smKeHHj{ qacT11UbI. )J,lll cpe.n:tteif 3Hepr1111 

qacT11UbI, rrpe.n:cTaBJimomeif co6oif MaTepttaJibHYIO TO"IKY 11 11MelOIUeH 3 CTe-

neH11 cso6o.LJ.bI, 6hrno noJiyqeHo coornollleHHe (2.1 .18): E' =i kT . Cpe.n:ttee 

3HaqeH11e 3Heprtt11 CHCTeMbl 1.JaCTHU Tor.n:a COCTaBJI.lfeT 

i i 
E=-NkT=-nRT. 

2 2 

0TCIO)la CJie.n:yeT, "ITO TenJioeMKOCTb TaKOH CHCTeMbl rrpH IIOCTO.SIHHOM o6b

eMe pastta 

0TKpbITbie CJICTeMbl 

i 
Cv =-nR. 

2 

0TKpb!Tbie CHCTeMbl MOryT o6MeHl1BaTbC.SI e OKp)?KalOIUeH cpe.n:oii BeIUeCT

BOM 11 3Hepr11eii. 3.n:ecb Mb! paCCMOTPl1M TOJibKO paBHOBeCHbJe COCTO.lfHHj{ OT

Kpb!Tb!X c11CTeM. CTaTHCT111.JecKoe (TepMo.n:11ttaM11qecKoe) orrttcatt11e ttepastto

seCHhIX Cl1CTeM xoporno pa3pa6oTaHO TOJibKO ,[\JI.SI He60JibilIHX OTKJIOHeHl1H OT 

COCTO.lfHHj{ paBHOBeCHj{, KOTOpble B rrp11po.n:e Bcrpeqa!OTCSI pe.n:Ko 11 3,[leCb pac

CMarp11BaTbCSI He 6y.n:yT. 

PaccMoTp11M CHCTeMy, cocTOSIIUYIO 113 N o.n:11ttaKOBbIX S11.JeeK, B Ka)!(.n:oii 113 

KOTOpbIX B HeKOTOpblH MOMeHT BpeMeH11 HaXO,[\HTC.SI n; 1.JaCTHU j-ro copTa, 11 

np11 3TOM 3Hepr11S1 Ka)l(.n:oii S11.JeiiK11 pasHa E. Tor.n:a B CHCTeMe HMeeTCSI Nn1 1.Jac

T11uj-ro copra 11 rroJIHaSI 3Heprn.sr c11cTeMbI pastta NE ( 3Heprneii s3a11Mo.n:eiicT-
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BIUI 514eeK npeHe6peraeM). Tenepb Ha.no .nonycTHTh B03MOlKHOCTh o6MeHa H4e

eK He TOJibKO :rnepn1eH, HO H 4aCTHUaMH . 

EcJIH B H4eHKe ttaxo.nHTCH TOJihKO o.nHa 4acT11ua, TO :rnepr11H w-1eifK11 on

pe.neJIHeTCH HOMepoM ee ./lHCKpeTHOfO COCT05!HH5! V H Ha6opOM o6o6LUeHHb!X 

KOOp./lHHaT (napaMeTpOB COCT05!HH5!) x: 

&v = &(v,x) . (2.1.48) 

Ecm-1 B 514eifKe Haxo.nHTCH HeCKOJihKO 4aCTHU, TO ee ::rneprHH 6y.neT 3asw

ceTb eLUe H OT Toro, KaKHe Y.aCTHUbl B Hee. nonaJIH: 

&v• =c(v',x,nir ), 

r.ne v' - HOMep ./lHCKpeTHOro COCTOHHIUI (OH YlKe .npyroif, OTJIH4Hb!H OT HOMepa 

B (2.1.48)), njy - Y.HCJIO 4aCTHU copra}. Brnpoif CHMBOJI COOTBeTcTByeT HOMepy 

o.nttoro H3 B03MOlKHbIX COCTaBOB 4aCTHU B HY.eHKe nocJie Toro, KaK sce COCTaBhl 

6hJJIH onpe,neJieHbl H 3aHYMepoBaHbl. HoMep COCTaBa 5!4eHKH MOJKeT H3MeHHTb

C5! OT I .no nOJIHOro 4HCJia KOM6HHaUHH Bcex B03MOlKHb!X COCTaBOB. 

3aBHCHMOCTb COCT05!HH5! 5!4eHKH OT COCTaBa onpe,neJI5!eTC5! .ll.BYM5! Y.HCJia

MH : v' H r IIpeo6pa3yeM .nsyxMepHb!H MaCCI-IB Y.HCeJI { v',y} B 0.llHOMepHb!H Mac

CHB Y.HCeJI {i}, .llJl5! 4ero .llOCTaT04HO nepeHYMepoBaTb Bee B03MOlKHbJe KOM6H

HaUHH HH,neKCOB V
1 

H y Tenepb KalK,nOMY 3Ha4eHHIO i 6y,neT COOTBeTCTBOBaTb 

onpe,neJieHHOe COCT05!HHe 5!4eHKH. 

06o3Ha4HM Y. epe3 N; 4HCJIO HY.eeK B cocT05!HH11 i ( o6LUee 4HCJIO H4eeK N 
tte orpaHHY.eHo ). Tor.na 

I~=~ 
i 

I~~=~. 
i 

I~~=~1 · 

r.ne &; - :rnepr1151 5!4eHKJI B i-M COCT05!HJIH, nji - 4HCJIO 4aCTHU j-ro copTa B 

5!Y..eHKaX, HaXO.ll5!lUJIXC5! B i-M COCT05!HHH. BepOHTHOCTb i-ro COCT05!HJl5! onpe

N 
,neJl5!eTc5! .noJieH HY.eeK B 3TOM cocTOl!H1111: P; = -' . Tor.na H3 npe.nhl.ll.YlUHX 

N 
paBeHCTB nOJIY4HM Cl1CTeMy ypaBHeHHH-orpaHH4eHHH B BH.ne 

IP;=I , 
i 

IPi&i =E, 
i 

Ipinji =n1. 
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Mcnonh3Yll B K3'1eCTBe Heonpe,LJ,en eHHblX MH0)1(11Tendi n - 1, fJ 11 aj ,LJ,m 

nepsoro, BToporo 11 TpeTbero YP3BHeHl1H COOTBeTCTBeHHO, e nOMOil(bIO o6mero 

<PopM311113M3 np11Hl\11n3 M3KC11MYM3 3 HTpon1111 no11y'!11M : 

fl" In ~exp[-Pe; - °JjPJ"ji), (2 .1.49) 

P; "exp[-n-pe, -1aJnji} (2.1.50) 

<I>yHKL\11ll Q = O(fJ, a, x) H33bIB3eTCll 6onbllll1M noTeHL\113JIOM, r ,LJ,e a= 

= {al>a2 , ... } - H36op Heonpe,LJ,eneHHbIX MHO)J(J1Te11eì1 J13rp3H)J(3 ,LJ,Jill yp3B

HeH11ì1, onpe,LJ,eJ1llIOil(11x cpe,LJ,Hee '111Cno '!3CTl1l\ K3)J(,LJ,Oro copT3 B c11cTeMe . 

.LJ:m1 cpe,LJ,HHX 3H3'!eH11ì1 3Hepr1111 11cocT3B311MeeM: 

ì:>·i exp[-/Jt:i - L,ajnJi] 
an i 1 

E= - 8/J = [ ] ' 
~exp -/Jt:i - ~ajnJi 

an 
nj =- aaj 

(2.1.51) 

(2.1.52) 

Cpe,LJ,ttee 3H3'!ett11e c1111b1, cooTBeTCTsyiomeì1 o6o6meHttoì1 Koop,LJ,11H3Te xk: 

1 an 
( Fk) = fJ 8xk . (2 .1.53) 

Bb1p3)J(ett11e ,LJ,Jill 3HTpon1111 c11cTeMbI np11H11M3eT s11n 

S d[ fl+ PE + 1aJ"J l (2.1.54) 

Heonpe,LJ,eneHHbJe MHO)J(J1Ten11 ~, 11Hor,LJ,3 H33bIB3eMbie noTeHL\113JI3Ml1 

fln3HK3, no OTHOllleH11IO K nepettocy Bel.l\eCTB3 11rp3IOT T3Ky10 )J(e po11b, K3K 

MHO)J(l1Tenb fJ no OTHOllleH11IO K nepettocy 3Hepr1111. 

l1cnonh3Yll Bb1p3)J(ett11e ,LJ,nll ,LJ,11<P<Pepettl\113JI3 6onblllOro rroTeHL\113n3 

an an an 
dQ=-dfJ+ L,-daj + L,-dxk 

ap j aaj j axk 
(2 .1.55) 
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11 }"il1ThJBa» rrp11Be.UeHHble BbI!lle COOTHO!lleHl1», IIOJl}"i11M .UJI» .u11cjlcjlepeHI.(l1aJ1a 
3HTPorr1111 cne.uyromee Bb1pa)!(ett11e: 

dS d(PdE+ 7ajdn; + P7(F,)dx,} (2 .1.56) 

KOTopoe rrpe.ucrnsn»eT co6oì1 0606mett11e co0Tttowett11» (2.1.39) Ha cnyqaì1 
OTKpbITblX Cl1CTeM. 

Ilpo11HTerp11posas (2.1.56) rrp11 rrocTO»HHbIX /3, 0 11 ( Fk), rronyq11M : 

S~k[PE+ 7ajn;+PpF,)x,} 
Cpastt11sa» 3TO co0Tttowett11e e (2 .1.54 ), rronyqttM: 

D.=fJ"i(Fk)xk. 
k 

(2 .1.57) 

(2.1.58) 

Ecntt e.uttHCTBeHHOH o6o6meHHOH KOOp.UttHaTOH Cl1CTeMbl »BJJ»eTC» o6beM, TO 

0. = jJPV . (2.1.59) 

Eonbwoì1 rr0Tettu11an oqes11.uttbIM o6paJoM CB»3aH e cjlyHKU11eì1 C)!(l1Mae
MOCTl1, o6bI'IHO 11CIIOJlb3yeMOH B Bttp11aJ1bHOM pa3JIO)!(eHl111 

D. PV 
- = -
N RT 

r.ue R = NAk - ym1BepcaJJbHa» ra3osa» rrocTO»HHa», NA - 411CJJO Asora.upo, 

V - cpe.utt11ì1 MOJJbHbIH o6beM c11cTeMbI. 

1-b (2.1.54) 11 (2.1.59) 11MeeM: 

TS=E+PV+kT"ia1n1 . (2.1.60) 
j 

Ec;m c11cTeMa co.uep)!(11T TOJJbKO o.u11H T11rr qacTHU, TO 113 (2.1.60) cne.uyeT 

-NkTa =E+ PV -TS = H -TS = G (2.1.61) 

r.ue H - sse.uettttaj! pattee cjlyttKum1 cocTO»Hl1» (3HTaJJbf111j!), a BeJ111'111Ha G 
11MeeT pa3MepHOCTb :itteprn11 tt Ha3brnaeTc» cso6o.uttoì1 :itteprneì1 f1166ca. 3rn 
TepMO.U11HaM11'1ecKaj! cjlyHKU11j!, TaK )!(e KaK S 11 E, j!BJJj!eTcj! cjlyttKUtteì1 cocTO»
Hl1j! cttcTeMbI. Otta an;.u11T11stta 11 o6na.uaeT MHor11M11 rrone3HhIMl1 csoì1cTBaM11, 
BCJle.UCTBl1e qero Ha116onee 'laCTO 11CITOJlb3YeTCj! rrp11 TepMO.U11HaM11'1eCKOM 
orr11catt1111 c11cTeM. 
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G 
Bem1qwHa µ = - Ha.3hIBaeTCJI xuMU'leCKUM nomeHquanoM qHcToro KOM-

N 
IIOHeHTa. XHMHqecKHH IIOTeHJ . .(HaJl H IIOTeHI..(HaJl TinaHKa CBJI3aHhl oqeBH,1\HhIM 

o6pa.30M: µ = -kTa H a= -fJµ . XHMHqecKHH IIOTeHI..(HaJl, 6y,11y4H cpe,11HeH 

MOJlhHOH :meprweii fw66ca ,1\Jlll ,11aHHOro KOMIIOHeHTa CHCTeMhl, oqeHb y,1106eH 

,1\Jlji OIIHCaHHJI rrpoueccoB, CBJI3aHHhlX e rrepeHOCOM Bell]eCTBa B CHCTeMe. 

B cwny a,11,11HTHBHOCTH G J:lllll CHCTeMhl , cocTOJillJeH H3 qaCTHU pa3Hh!X 

copTOB,IIOJJyqaeM: 

G= 2.,µjnj . 
j 

3HTpomrn CMeIIIeHIUI 11,z::i:ea.JibHbIX ra30B 

(2.1.62) 

ECJJH CHCTeMa COCTOHT H3 xoporno rrepeMernaHHhlX qaCTHU pa3Hh!X cop

TOB, TO B03HHKaeT ,1\0IIOJlHHTeJlbHal! Heorrpe,11eneHHOCTh OTHOCHTeJlbHO copTa 

rrpOH3BOJlhHO Bb!6paHHOH qaCTHI..(hI H3 CHCTeMhl. EcJJH CHCTeMa co,11ep)!(HT n; 
qacTHU coprnj, TO sepol!THOCTh Bh16opa qacTHUhI :noro coprn pasHa 

nj 
Pj =-c--=xi, 

2.,ni 
i=l 

r,11e e - qwcno copTOB qacTHU (KOMIIOHeHTOB) CHCTeMhl, II03TOMY ,1\0IIOJIHH

TeJlbH~ Heorrpe,11erreHHOCTh Bb16opa qaCTHUhl H3 CMeCH paBHa 

/J.S = -k LPj In Pj = -k 2.,xj lnxj . 
j j 

B pacqeTe Ha OJ:IHH MOJih qacTHU 

t:,.S 
-=-2.,xjlnxj . 
R j 

TaKoii )!(e pe3yJihTaT MO)!(HO rrorryqHTh H ,11pyrHM crroco6oM . 

(2.1.63) 

TiycTh paBHOBeCHal! CHCTeMa COCTOHT H3 JiqeeK 061,eMOM V;. T eMrrepaTypa 

H ,11asrreHHe so scex TOqKax CHCTeMhI OJ:IHH H Te )!(e, T. e . P; = P, T; = T. CYMMa 

o6beMOB JiqeeK paBHa o6beMy CHCTeMbI: 

LVf=V. 

Ecrrw B Ka)!(,[IOH JiqeiiKe co,11ep)!(HTCJ1 n; MOJJeii KaKoro-rrw6o ra3a, TO 3H

TPOIJHji JiqeilKH pastta 

Si= n1S1, 
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r.ue 3HTpomrn 1 MOJrn ra3a paBHa 

si = e Pi ln T - R ln !} +Sai = CVi In T + R In v; + Soi ' 
a 3HTpomrn sceìi c11cTeMbI -

S1 = L S; = L n; ( CVi ln T + R ln v; + S0J 
i 

EcJI11 Tenepb y6paTb rreperoponK11 Me)l(ny 514ettKaM11 11 rro3BOJIHTh ra3aM 

xopowo rrepeMeruaTbC51, TO o6beM, 33HJ1MaeMbIH K3)1(,UbIM ra30M yseJIJ1lIJ1TC51 OT 

V; n o o6beMa BCeH CJ1CTeMbI V, a 3HTpOITl151 Cl1CTeMbl CTaHeT paBHOH 

S2 = InJ~Vi +Rln(V)Lni . 

Tio3TOMY 113MeHeH11e 3HTporr1111, CB5133HHOe e rrepeMeWl1B3HJ1eM KOMITO

HeHTOB Cl1CTeMhI, paBHO 

D.S = S2 -S1 =RNlnV-RLni lnVj = RLni (In V -In Vi) =RLni (1n V). 
i i i v; 

V n· 
B CJiyqae 11neaJihHoro ra3a PVj =n;RT 11 PV=NRT , rro3TOMY _!_=_!_=X; 

V N 

11 D.S = - R L ni In xi . B pac'leTe Ha on11H MOJih rroJiyqaeM coornoweH11e (2.1 .63): 

D.S =-I xi lnxi · 
R ; 

06m11e ycJIOBI15l paBHOBeCH5l 

BTopott JaKOH TepMon11HaM11K11 ycTaHasJI11saeT, 'ITO 

TdS = dQ+ I( (Fj )-Fj )dxj , 
j 

11 TaK KaK BTOpoe CJiaraeMoe B rrpaBOH '13CTl1 scer.ua HeOTp11uaTeJibHO, TO 

TdS ~dQ. 

CTycTb eu11HcrneHHOH o6o6meHHOH Koopu11HaTOH 6yueT rroKa V. Torna 

dQ = dE + PdV , T. e. 

TdS~dE+PdV. (2.1.64) 
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3To HepaseHCTBO Ha3hrnaeTC5! HepaseHCTBOM K1rny3ttyca. HepaseHCTBO 

Knay3ttyca CB5!3hIBaeT rrpttpal1(eHH5! rrapaMeTpOB H <PYHKI.(HM COCT05!HH5! rrpH 

caMorrpOH3BOJibHOM H3MeHeHHH COCT05!HH5! . BhIBe,lleM CHCTeMy BHpTyaJihHO H3 

COCT05!HH5! paBHOBec1rn TaK, 'HO ee 3HeprH5!, 3HTpOIIH5! H 06beM H3MeH5!TC5! Ha 

HeKOTOpb!e MaJibJe BeJIW!lfHbl oE, i:5S 11 i:5V. ECJIH Terrepb rrpe,llOCTaBHTb CHC-

TeMy caMOH ce6e, TO OHa caMorrpOH3BOJibHO sepHeTC5! B HCXO):IHOe COCT05!HHe, 

rrpH 3TOM H3MeHeHH5! COOTBeTCTBYIOll\HX BeJilflmH 6yL1yT -i:5E,-i:5S H -i:5V. 
Tio3TOMY HepaseHCTBO KJiay3ttyca rrpHMeT BHLI i:5E + Pi:5V -Ti:5S >O. Ifa Hero 

CJie):lyeT, 'HO rrpH caMorrp0113BOJibHblX H3MeHeHH5!X COCT05!Hl15! ( i:5S) E,V <o' 

'HO oqesH):IHO, ITOCKOJibKY B COCT05!HHH paBHOBeCH5! 3HTpOI1115! MaKCHMaJibHa. 

KpoMe Toro, ( i:5 E) 5 v > O , T. e. rronHa5! 3Hepr115! s cocT05!HHH pasHoseCH5! MH-

HHMaJibHa. Ycnos11e CTPOroCTH HepaseHcTsa Knay3ttyca o6ecrreqttsaeT yCToì1-

qttsocTb paBHOBeCH5! H HaKJia):lbJBaeT ):IOIIOJIHHTeJibHb!e orpaHHqeHH5! Ha B03-

M0)!(Hble 3HaqeHH5! rrapaMeTpOB CHCTeMbl. 

PacCMOTpHM ):IBe ITO):ICHCTeMhl O):IHOH TepMO):IHHaMHqecKOH CHCTeMbl, Ha

XOL15!11\eÌ1C5! B COCT05!HHH TepMOLIHHaMHqecKoro paBHOBeCH5!. Ifa o6U(HX rrpHH

l(HITOB CJie):lyeT, qTo 

S1 +S2 = S = const, 

E1 + E2 =E = const, 

n1.i + n2.i = n .i = const. 

Cne):IOBaTeJibHO, dS1 =-dS2 ,dE1 =-dE2 ,dnlj =-dn2.i ,dV]=-dV2 H T. J:I . 

)J,JI5! rrpttpal1(eHH5! 3HTpOI1HH HMeeM: 

dSj as JdE1J as JdE2J _!!_§_Jdv1J as Jdv2+( ~Jdn1+( as Jdn2+ ... =0, 
laE1 laE2 lav, lav2 lan1 lan2 

OTKy):la CJie):lyeT, qTo 

( _!_ _ ___!_JdE + (Pi - P2 Jdv -(.t:i- µ 2 Jdn1 =O. 
lì T2 lì T2 lì T2 

B cttny rrpomsoJibHOCTH sapttauttì1 rrepeMeHHhIX rronyqaeM 

7ì = T2, 1] = P2, µI = µ2 · (2.1 .65) 

PaCCMOTpHM ):IBe CHCTeMbl, HMelOU(He pa3Hhle COCTaBbI: {ni;} H {n2;} . )J,JI5! 

Ka)!():IOH CHCTeMbl B paBHOBeCHH 6yL1yT CB05! TeMrrepaTypa H CBOH Ha6op XHMH

qecKHX IIOTeHI.(HaJIOB lfaCTHI.(. EcJIH CHCTeMbl rrpHBeCTH B KOHTaKT, rrpH KOTO

poM OHH MOryT o6MeHHBaTbC5! 3Heprtteì1 11 BeU(eCTBOM, TO ITOCJie ycTaHOBJie

HH5! paBHOBeCH5! 6y):leT yTep5!Ha HH<fJOpMal(H5! o HaqaJibHbIX pacrrpe,lleJieHH5!X 

3HeprHH H qacTHI.\. Tio3TOMY BMecTo pa3,lleJibHhIX ypasHeHHÌ1 LIJI5! cpe):IHHX 
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3HaqeHHH 3HeprHH H qHcen qacT11U B IIOACHCTeMax Hano HCIIORb30BaTh C)'M

MapHhie ypaBHeHml nm1 cnolKHOH CHCTeMbl, COCTOHmeH 113 nsyx IIOACHCTeM: 

E1 + E2 = E = const, 

n1; + n2; = n; = const. 

TaK KaK 3THM ypasHettHHM 6yneT cooTBeTcTsosaTh no onttoMy tteonpene

neHHOMY MHOlKHTemo JiarpaHJKa, TO 11 BCH CHCTeMa 6y,neT xapaKTepH30BaThCH 

OAHHMH H TeMH JKe 3Ha4eHHHMH TeMneparypbl H Xl1MH4eCKOro IIOTeHUHana 

Ka:lKAOrD copTa qaCTHU. 

EcnH TeMnepaTyphl IIOAC11CTeM OAHHaKOBhl, HO µli #- µ2i , TO B Cl1CTeMe 

6y,neT npoHCXOAHTh nepepacnpeneneHHe semecTBa (H 3ttepr1111) no Tex nop, 

IIOKa XHMHL!eCKHe IIOTeHUHanhI AnH KaJKnOrO KOMDOHeHTa He CTattyT OAHHaKO

BhlMH BO scex qacTHX nonCHCTeM. IlOCKOJihKY 

an 2 
n· = ----, an; 

I a ai 
a2n a=-fJµ, -2 , 
aa; 

TO 

8n; = -kT 8n; = -a2 :s; O . 
aa; 8µ; n; 

(2.1.66) 

CnenosaTenhtto, npH nocTOHHHOH TeMnepaType semecTBO 6yneT nepeHo

CHThCH 113 o6nacTeH e BhICOKHMl1 3Ha4eHHHMH XHMHL!eCKoro DOTeHUHana B 06-

naCTH e HH3Kl1MH ero 3Ha4eHHHMl1. 

PaccMaTp11saH 3aBHCl1MOCTh XHMHL!ecKoro noTeHUHana OT KOHUeHrpau1111 

onHoro KOMIIOHeHTa Cl1CTeMhI, MOlKHO IIOKa3aTh, 4TO B cnyqae 11neaJihHOro ra3a 

OHa BhipaJKaeTCH COOTHOlllett11eM 

-O k µ; = µ; + T In n; , 

11n11 

- o µ; - µ; +RTinFj, (2.1.67) 

rne Fj - OTHOCHTeJihHOe napu11anhHoe nasneH11e 11neanhHOro ra3a i-ro copTa, 

µp 11 µp - <iJyttKU1111 TeMrrepaTyphl, 3Ha4eHilll KOTOphIX 3aBHCHT OT rrp11HHTOH 

CHCTeMhl OTCL!eTa TepMOAHHaMHL!eCKHX BeJIHq;rn. 

Jlarremrn rrepeHoca 

51sneHilll rrepettoca o6ycnosneHbI xaOTttqeCKHM ABHlKeHHeM qaCTHU, COCTaB

AAIOmHX CHCTeMy. K HHM OTHOCHTCH npoueCChl nepeHoca 3HeprnH (Tennonposon

HOCTh), MaCCh! (n11<iJ<iJY3illl) 11 HMIIYJlhCa (BH3KOCTh). 0IIHCaHHe npoueccos nepeHO-
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3HaqeHHH 3HeprHH H qHcen qacTHU B nOACHCTeMaX Hano HCnOnh30BaTh C}'M

MapHhie ypastteHml nm1 cnmKHOH CHCTeMhl, COCTOl!ilieH H3 nsyx nonCHCTeM: 

E1 + E2 = E = const, 

nli + n2i = ni = const. 

TaK KaK 3THM ypastteHHl!M 6yneT COOTBeTCTBOBaTh IIO OAHOMY Heorrpene

neHHOMY MHOlKHTemo JlarpattlKa, TO H BCll CHCTeMa 6yneT xapaKTepH30BaThCll 

OAHHMH H TeMH JKe 3HaqeHHllMH TeMrrepaTyphI H XHMHqeCKOfO noTeHuHana 

Ka~oro copTa qacTHU. 

EcnH TeMrrepaTyphl IIOACHCTeM OAHHaKOBhI, HO µli # µ2i ' TO B CHCTeMe 

6y.neT rrpoHCXOAHTh rrepepacrrpMenettHe semecTBa (H 3tteprnH) no Tex rrop, 

IIOKa XHMHqecKHe IIOTeHUHaIThl Ailll KalKAOfO KOMIIOHeHTa He CTaHyr oni-rnaKO

Bh!MH BO scex qacTl!X IIOACHCTeM. TioCKOnhKY 

an 2 
n· =-·~ , un . 

l aaÌ I 

a2n a =-/3µ' 
-2 ' a ai 

TO 

ani = -kT ani = -u2 :::; O . 
aai aµi n; 

(2.1.66) 

CnenosaTenhHO, rrptt rrocTOl!HHOH TeMrrepaType semecTso 6yneT rrepetto

CHThCll H3 o6nacTeH e Bh!COKHMH 3HaqeHHl!MH XHMHqecKoro IIOTeHUHana B 06-

naCTH e HH3KHMH ero 3HaqeHHl!MH. 

PaccMaTpHBall 3aBHCHMOCTh XHMHqecKoro IIOTeHUHana OT KOHl.(ettrpauHH 

OAHOfO KOMIIOHeHTa CHCTeMhl, MOlKHO IIOKa3aTh, qTo B cnyqae HneaJJhHOfO ra3a 

OHa BhipaJKaeTCll COOTHOIIIeHHeM 

-O k µi =µi + T ln ni , 

HITH 

µi= µp +RTlnP;, (2.1.67) 

rne P; - OTHOCHTeJJhttoe rrapuHaJJhttoe nasnetttte Hneanhttoro ra3a i-ro copTa, 

µp H µp - <liYHKUHH TeMrrepaTyphl, 3HaqeHHl! KOTOph!X 3aBHCl!T OT rrpHHl!TOH 

CHCTeMhl OTcqeTa TepMOAHHaMHqeCKHX semfqHH. 

51srremrn rrepeHoca 

51sneHHH rrepettoca o6ycnosneHhI xaOTttqeCKHM nsmKeHtteM qacTHU, cocTaB

ITl!IOIUHX CHCTeMy. K HHM OTHOCl!TCll rrpouecChl rrepettoca 3HeprnH (Terrnorrposon

HOCTh), Macchi (AH<licliY3HH) H HMnynhca (Bll3KOCTh). OrrttcattHe rrpoueccos rrepetto-
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ca MO)KHO npoBeCTH B paMKax npe.ucrnBJJemrii HepaBHOBeCHOH repMO.llJ1HaMHIGI [3] 
H MOJieKymipttoì.f <Ptt3HKH [4]. Cttaqana paccMOT)JHM Monerym1pHo-<PH3HqecKHì1 

IIO,llXO)l. 3.uecb Mb! IIpHBe,lleM TOJibKO rpy6hie paCCJ')K,lleHilll, roqHbltt Bb!BO.ll IIOJiy

qaeMbIX npH 3TOM COOTHOilleHHH MOJKHO HattTH, HaIIpHMep, B [4). 
XaorHqHoCTb 03Haqaer, qro HeT BbI.lleJieHHbIX HanpasneHHtt .llBHJKeHH.S! 

qacrm~ B CHCTeMe. I-fa o6mero <t>opMaJIH3Ma ror.ua cne.uyror cne.uyromtte coor

HOilleHH.SI MeJK.uy sepO.S!THOCT.S!MH : 

1 1 
p ( VX) == 2 p ( & X)== 6 p ( & ) ' 

r.ue p(vx) - BepO.S!THOCTb Toro, qro CKOpOCTb qacTHUbl IIpH .llBHJKeHHH B.llOJlh 

ocH Ox paBHa vx npHTOM qro cpe.uttee 3HaqeHHe 3HeprHH qacTHUhI paBHO c. 
B CHJIY npoH3BOJihHOCTH Bh16opa HanpasneHH.SI ocH Ox 3TO 03HaqaeT, qTo qHc

no qaCTHU, .llBHJKYJUHXC.Si B mo6oM 3aL1aHHOM HanpaBJieHHH, paBHO 1/6 OT 06-

mero qttcn a qacTHU. 

Bb16epeM npoH3BOJibHyro Ma.Jiyro nnomaLIKY IIJioma.UbIO A, nepneH.UHKYJU!p

ttyro ocH Ox B roqKe x0. EcnH KOHUeHT)JaUH.SI qacTHU s6JIH3H 3TOÌ1 nnoma.UKH 

pastta n0, TO 3a speM.SI Cit qepe3 3TY nnomai:1ry cnesa Hanpaso npoì.fi:1yr N_, qacTm~ : 

1 
Nx == -n0vxMA. 

6 

TiycTb qacTHUhl nepeHOC.S!T HeKoe CBOHCTBO a (Maccy, 3Heprnro H T. II.). 

Tor.ua B03HHKaeT noroK 3TOro csoì.fcrsa, HanpasneHHbitt B.llOJib ocH Ox, paB-

~ 1 ~ 6 Hbm J 1 == a1 -n0 AvxCit , r.ue a 1 - cpe.uttee 3HaqeHHe 3Toro CBOHCTBa Bo beMe 
6 

AvxCit cnesa oT TOqKH x0. TioTOK B o6paTHOM HanpasneHHH 6yL1eT paseH 

J 2 == a 2 .!.n0 AvxCit, ri:1e a2 - cpei:1ttee 3HaqeHHe 3Toro csoì.fcrna B o6beMe 
6 

AvxCit cnpasa OT roqKH x0. Tor.ua CYMMapHbitt IIOTOK Ja csoì.fcrna a qepe3 IIJIO

ma.uKy A B nonoJKHTeJibHOM ttanpasneHHH 6y.uer paseH J 1 - J 2: 

1 
Ja == -n0AvxCit(a1 -a2 ). 

6 

CqttTa.SI, qro qepe3 nnoma.uKy A npoxo)l.S!T TOJibKO qacTHUbI, HCIIbITaBI11He 

cnesa H cnpasa OT Hee CTOJIKHOBeHH.Si e i:1pyrHMH qacTHUaMH, B pe3yJihTaTe KO

TOph!X OHH IIpHo6penH CKOpOCTb Vx, MOJKHO 83.S!Tb a1 H a2 B roqKax, OTCTO.S!JUHX 

OT Xo Ha LIJIHHY CB060.UHOro npo6era qaCTHU. 0Ha o6blqHa HeBeJIHKa, II03TOMY 

<i>YHKUHIO a(x) MOJKHO pa3JIOJKHTh B p.SILI T1ì.fnopa B TOqKe x0 H orpaHHqHTbC.SI 

JIHHettHb!M npH6JIHJKeHHeM: 

aa 
a ( x) == a ( x0 ) + -( x - x0 ) . ax 
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Tor.ua 

8a I ) 8a a1 -a2 =-(x1-x2 )=-2\l - , ax ax 
r.ue (t) - cpe1mHH .umrna cso6o.uHoro rrpo6era. Cne.uosaTeJibHO, 

Ja =-~noA(vx)(t)::, 
11Jil1, ,UJIH I1JIOTHOCTl1 ITOTOKa, 

jax = Jax / A= -~no (vx)(t) :: . (2.1.68) 

TaK11e )!(e COOTHOIJleHHH MO)!(HO 3arr11caTb .UJIH Ka)!(,UOH KOOp,UHHaTbl. 3TO 

ypasHeH11e Ha3hrnaeTcH ocHOBHbJM ypasHeH11eM rrpoueccos rrepeHoca, a sen11-

•urna (1/3 )n0 ( vx )(t) - K03cpqrnu11eHTOM rrepeHoca. 

Ecn11 a 11MeeT CMblCJI cpe.uHeì1 Terrnosoì1 3Hepr1111, rrp11xo.umueì1cH Ha o.u

HY "!aCTHUy, TO ypasHeH11e (2 .1.68) OITHCbIBaeT rrpouecc TerrnorrpOBO.UHOCTH: 

a=E'=!....kr- iRT cv -~-- T 
2 2NA - NA 

jQ =-~n0 (vx)(t) cv 8T =-À òT 
NA òx 8x . 

(2.1 .69) 

r.ue ), - TerrnorrpoBO.UHOCTb. IlOJIY"!eHHOe ypasHeH11e Ha3bIBaeTCH ypaBHeHHeM 

<l>ypbe. 

Ecn11 KaKaH-JI1160 "!aCTb CHCTeMbl .UBH)!(eTCH OTHOCHTeJibHO .upyroì1 CO CKO

poCTblO u, TO np11 rrpoxo)!(L(eHHH 4aCTHUbl 4epe3 rpaHHUY Me)!(.uy 3THMl1 4aCTHM11 

rrpo11cxo.u11T rrepeHoc 11Mnynbca, paBHOro p = mu. C11na TpeHHH Me)!(.uy 4acrnM11, 

on1eceHHM K I1JI01Ua.u11 HX corrpHKOCHOBeHHH, paBHa ITOTOKY HMITYJibCa B Ha

rrpasneHHH, nepneH.UHKYIIHPHOM .UBH)!(eHHIO. B 3TOM CJIY"!ae a = mu, rro3TOMY 

. 1 I )I ) 8u 8u 
Jp =-3no\Vx \/ m 8x = - TJ 8x ' (2.1.70) 

r.ue 1J - .u11HaM11"!eCKaH BH3KOCTb. ::ho ypaBHeH11e MaKcsenna. 

Ecn11 KOHUeHTPaUHH 4aCT11U B KaKOH-TO "!aCTH CHCTeMbl OTJIW.JaeTCH OT 

paBHOBeCHOH, TO B COOTBeTCTBHH e (2.1.66) .UOJI)J(HO np011CXOL\11Tb BblpaBHHBa

HHe KOHUeHTpau11ì1 Ka)!(L(OfO copTa 4aCT11U. Ilp11 3TOM nepeHOCHMOH BeJil1411HOH 

6y.ueT 1136bITOK "!aCTHU .uaHHOro copTa no cpaBHeHHIO e paBHOBeCHOH KOHUeH

Tpau11eì1 B pac"!eTe Ha O.UHY 4acT11uy: a = n1 /no , r.ue n0 - paBHOBecHaH KOH

ueHTpau11H. Tor.ua 
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. I ( )()a(n1 ) I( )()an1 an1 
JD =--n0 vx l - - =-- vx l -= -D-, 

3 ax no 3 ax ax 
(2.1.71) 

r)le D - Ko3cpcp111\11eHT caMo,U11cpcpy11111. 3rn o6o6mettttoe ypasttett11e <D11Ka. 

B Jil1HellHOll HepaBHOBeCHOH TepMO,Ul1HaM11Ke BB0,[(11TCH I10HHT11e 0606-

meHHb!X Cl1JI, KOTOpbie o6ycJIOBJieHbl rpa,U11eHTaMl1 11HTeHCl1BHb!X Be1Ilf'-111H: 

TeMrrepaTypb!, KOHI.\eHTpal.\1111, :rneKrpw1ecKoro rroTeHI.\11aJia 11 T. rr. CooTBeTcT

BYJ01I!l1e I10TOK11 CJIO)l(Hb!M o6pa30M 3aBl1CHT OT Cl1JI, HO rrp11 tte60JibWl1X OT

KJIOHeHl1HX OT pasttosecm1 MO)l(HO 11crroJib30BaTb JittHefittoe rrp116JI11)1(eH11e . To

r)la ITOTOK KaKOrO-Jitt6o CBOHCTBa 3aI111CbIBaeTCH B B11,Ue 

J; = LLijFj , 
j 

(2.1.72) 

r,Ue Fj - 0606mettttb1e c11Jih1, Lu - TaK Ha3hrnaeMhie ciJettoMeHoJior11qecK11e 

K03clJ<l>111\l1eHThl. HaJil1'111e Cl1JI H ITOTOKOB rrpttB0,[(11T K 113MeHeHl1!0 3HTpOI11111 

Cl1CTeMbI. Tip0113BO,UCTBOM 3HTpOI11111 Ha3b!Ba!OT CKOpOCTb H3MeHeHHH 3HTpo

I11111 c11cTeMbI. Mo)l(HO rrOKa3aTh, qTo rrpo111BO,UCTBO 3HTporr1111 B e,UHHl11\e o6b

eMa CBH3aHO e I10TOKaMl1 11 Cl1JiaMl1 CJie,Uy10m11M COOTH01I1eH11eM: 

u= "i.FjJj, 
j 

(2.1.73) 

a JIOKaJibHOe rrp0113BO,UCTBO 3HTpOI11111 (J" CBH3aHO e rrp0113BO,UCTBOM 3HTpOI11111 

B Cl1CTeMe COOTHOWeH11eM: 

dS = J u(r,t)dV, 
dt V 

(2 .1.74) 

r,Ue r - pa)l11yc-BeKTop TOqK11 B Cl1CTeMe, t - BpeMH 11 l1HTerp11poBaH11e rrpo-

113BO)ll1TCH rro BCeMy o6beMy Cl1CTeMbI. 

113 (2.1.72) CJie,UyeT, qTQ I10TOKl1 pa3HbIX CBOHCTB CBH3aHhl .Llpyr e ,UpyroM, 

T. e. B CYlCTeMe ,UOJI)l(HO Ha6JIIO,UaTbCH B3al1MO)leHCTBl1e ITOTOKOB. Tiptt 3TOM )lJIH 

cpeHOMeHOJIOr11qecKl1X K03cp<l>111\11eHTOB Bh!I10JIH5leTCH TeopeMa B3al1MHOCTl1 

0Hcarepa: Lu = L1i, KOTOpa» IT03BOJIHeT YMeHbllll1Th KOJI11qecTBO tte1as11c11Mo 

orrpe,UemreMbIX K03clJclJ111\11eHTOB. 

YpasHem1e cocT051HH51 

TepMo,U11HaM11qecKaH c11cTeMa MO)l(eT cymecTBOBaTb He rrp11 n106h1x 3Ha-

4eHH51X rrapaMeTpOB coCTOHHl15!. CooTBeTCTBYI01I1ee orpat111qett11e 06b1qHo 

HMeeT B11.Ll 

f ( P,V,T, {x;}) =O 
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11 Ha3bIBaeTClI TepM11'IeCKl1M ypaBHeHHeM COCTOlIHl1lI . .Ll:JilI 11)1,eaJibHOro ra3a :no 

ypaBHeH11e xopOIIIO 113BeCTHO: 

PV=nRT, 

r)J,e n - •meno Mondi ra3a. KpoMe TepM11qecKoro ypasttett11lI cocTOlIHl1lI, qac

TO 11CTIOJ!b3YIOT TepMO)J,l1HaM11qecKoe ypaBHeH11e COCTOlIH11lI. Ecm! y Cl1CTeMbl 

HeT )J,pyrnx o6o6meHHh!X KOOp)J,HHaT, KpOMe o6beMa, TO 

dE=TdS-PdV, 

OTK)')J,a 

( òE) =T(òS) -P. 
òV T òV T 

0)1,HO 113 COOTHOIIIeHJ111 MaKCBemm: - = - , CJie)J,OBaTeJihHO, ~ (òS) (òP) 
òV T òT v 

( òE) = r(òP) -P. 
òV T òT v 

(2.1.75) 

TaKHM )!(e crroco6oM MO)l(HO rroJiyq11Tb aHaJiornqttoe Bb1pa)l(eH11e )J,JilI :m

TaJihTIHH: 

( òH) =v-r(av) . 
òP T òT p 

(2.1.76) 

3TH )J,Ba COOTHOIIIeHHlI IT03BOJ!lIIOT ycTaHOBl1Tb CBlI3h Me)l()J,y rrapaMeTPaM11 

COCTOlIHHlI 11 TepMO)J,11HaMHqecKHMH <PYHKQl1lIMH COCTOlIHl1lI. TaK, Harrp11Mep, 

)J,JllI H)J,eaJihHOro ra3a 113 (2.1. 7 5) H (2 .1. 7 6) CJie)J,yeT, qTQ ( òE) = ( òH) = o . 
òV r òP T 

YcrnttosnettHe 3as11CHMOCTH f ( P, V, T, {xi})= O - 3a)J,aqa 3Kcrrep11MeHTa, 

ITOCKOJibKY TeopeT11qeCKH orrpe)J,eJil1Th ee B o6meM CJiyqae B03M0)1(H0 TOJ!hKO )J,JilI 

oqeHh rrpOCTblX MO)J,eJieH. ,[(JilI peaJibHb!X ra30B 11CITOJ!b3YIOT o6hrqtto ypastteH11e 

cocTOlIHl1lI 11)1,eaJibttoro raJa e pa3JIHqHhIMl1 rrorrpaBKaMH. B ttacTOlilllee speMlI 

rrpe)J,JIO)l(etto 6onee 150 pa3Jil1qHb!X ypaBHeHHH COCTOlIHl1lI peaJibHOro ra3a, H3 

qero cJie)J,yeT, qTo Hl1 O)J,HOro yttHBepcanbttOro ypasttett11lI tte cymecTsyeT. 

Hatt6oJiee rrpoCThIM 11 06meynoTpe611TeJibHhIM lIBJilieTClI ypasttett11e co

CTOlIHHlI, rrpe)J,JIO)l(ettttoe Batt-)J,ep-BaaJibCOM. YqeT KOtteqttoro o6beMa MoJie

KYJI ra3a, a TaK)l(e Me)l(MOJieKynlipttbIX s3a11Mo)J,eì1:cTBHH s caMbIX o6mttx rrpeA

rrono)l(ett11lix rrp11so)J,11T K ypasttett1110 BH)J,a (AJilI O)J,ttoro MOJilI ra3a) 

( P + ; 2 ) (V - b) = RT , 
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rAe V - cpeAHHtt MOJlhHbitt o6beM ra3a. KpoMe ypasttemrn Batt-Aep-Baa11bca 

1-IHOrAa HCilOJlb3YJOTCH CJleAy10m11e ypasHeHHH COCTOHHHH pea11bHOro ra3a: 

(P+ T~2 }v-b)=RT 

a 

PeRTaV (V-b) = RT 

P+_!!__ = RT In( _V ) v2 b V-b 

[P+ _a 2 ](V-b)=RT 
r(v +e) 

(J>epT JIO ), 

(jl,HTCpH'IH ), 

(IlJiaHJc), 

(KJiayJuyc ). 

KpoMe 3MilHp11qecK11X ypaBHeHHH COCTOHHHH HCil0Jlh3yeTCH TaK Ha3bl

PV 
BaeMoe B11pHa11bHOe pa3110)1(eHtte cpyHKL(HH C)l(HMaeMOCTH -- 110 CTerreHHM RT 
o6paTHoro 6e3pa3MepHoro cpeAHero MOJlhHOro o6beMa v (HanpttMep, HOpM11-

poBaHHOro Ha cpeAH11tt o6beM, 3aH11MaeMbltt Mo11eKy11oì1 ra3a). Bttptta11hHOe 

pa3JlO)l(eHtte o6hJqHo HMeeT BHA 

PV 82 83 
- =l+-+-2 + .... RT v v 

Ko3cpcpttutteHThI 8; Ha3hJBaJOTCH s11p11a11bHb1M11 Ko3cpcpttu11eHTaM11 . Brn
poì1 Bttp11aJlbHbltt K03cpcpttl.(HeHT (82) orrpeAeJlHeTCH rrapHblMH CTOJlKHOBeHHHMl1 

MOJleKyJl ra3a, TpeTHH (83) - TpOttHblMl1. 0'feB11AHO, 'fTO 'feM BbIIIIe rropHAOK 

B11pttaJlbHOro K03cpcpttl.(HeHTa, TeM MeHbllle ero BKJlaA B BeJlH'fHHY cpyHKl.(1111 

C)l(l1MaeMocT11. OcHOBHY!O po11h 11rpaeT BTOpoì1 s11ptta11bHhitt K03cpcpttutteHT 8 2• 

flptt T-> O 8 2 <O, a rrptt T-> oo 8 2 > O; TeMrrepaTypa , rrp11 KOTOpott 8 2 = O, Ha-

3bJBaeTC51-TO'fKOtt EottAA - B 3TOtt TO'fKe ra3 BeAeT ce6H KaK ttAea11bHbitt. 

HaAO OTMeTHTb, 'fTO Bttp11aJlbHOe pa3110)1(eHHe paCXOAHTCH B Kp11TH'feCKOH 

TO'fKe H IlllOXO CXOAl1TCH B KOHAeHC11pOBaHHOH cpa3e. 

KoHAeHc11posaHHY10 cpa3y MO)l(HO C'fl1TaTh HeC)l(ttMaeMott, T. e. dV = O: 

dv= (av) dT +(av) (aP) dT =o . 
ar P aP r ar v 

(2.1.77) 

Y'fHTbJBaH CTaHAapTHb!e COOTHOIIIeHl1H AllH mo6apttoro K03cpcj>ttl.(HeHTa 

Terr11osoro pacumpeHttH 

(av) =apV 
ar P 
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H ,llJUI H30TepMttqecKoro K03cpcpm.1tteHTa C)!(HMaeMOCTH 

(av) = -KrV, 
8P T 

H3 (2.1. 77) IlOJI)"IHM COOTHOUJeHHe 

P= ap 
KrY' 

(2.1.78) 

r,!le r = - - - H30XOpHbJH Ko::icpcpwutteHT ,!laBJieHHH. B npaBOH qacTH I (8P) ~ ~ 
P 8T v 

(2 .1.78) CTOHT 3KCrrepttMeHTaJibHO orrpe,!leJIHeMbJe seJIH4HHbl. 11x MO)!(HO pac

cqwTaTh ,!lJIH KOHKpeTHOH MO,!leJIH KOH,!leHCHpOBaHHOH cpa3bl, !103TOMY 3TO 

ypasHeH!fe MO)!(HO HCI10Jlb30BaTb B Ka4eCTBe ypasHeHlrn COCTOHHHH. 

JleT)'1IeCTh 

Bb1pa)l(em1e (2.1.67) ,!lJIH XHMH4ecKoro rroTettuttana tt.neaJibHOro ra3a He

rrpwMeHHMO K peaJibHblM ra3aM. l.JT06hl coxpaHHTb BH,!l 3TOro Bbipa)!(eHHH B 

cJiyqae ttett,!leaJibttoro ra3a, no rrpe,!lJIO)l(ettwIO Jlh10ttca BBO,!lHT crreuwaJihHYIO 

cpyttKUHIO ,[(aBJieHHH H TeMrrepaTypb1f(T,P), TaKyIO 4T06bI XHMH4eCKHH IlOTeH

U!faJI peaJihttoro ra3a ttMeJI BH,!l 

p=µ 0 (T)+RTln.f. 

Tipw 3TOM Tpe6yeTCH, 4T06bJ lim f = 1 . 
P--'tOP 

(ap) - (aln l) ~JIH orrpe,!leJieH1151 slf,!la f yqTeM, 'ITO - =V= RT --·- , r,!le V aP T aP T 

MOJibHbIH o6beM ra3a. Tor,!la rrpw rrocTOHHHOH TeMnepa-iype 

dlnf=-
1 

V(P)dP. 
RT 

(2.1.79) 

0TKJIOHeHtte CBOHCTB peaJibHOro ra3a OT CBOHCTB H,!leaJibHOrO ra3a yqTeM e 

- RT 
rroMOJUhlO TaK Ha3hIBaeMoro rroKa3aTeJIH peaJibHOCTH o.(P): V = - -a ( P). p 

TIO,!lCTaBJIHH B (2.1.79) H HHTerpwpyH OT COCTOHHHH I ,[(O COCTOHH1151 2, IlOJI)"IHM: 

/ p I P2 
tn.:..l... = tn.:..1...--J a(P)dP. 

fj Pi RT P. 
I 
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B rrpe.ue11e rrp11 P1 ~ O B c1111y rrpo113BOJlbHOCTl1 Bb16opa P2 MO)!(eM 3arr11caTb: 

p 

ln(f)=ln(P)--
1 f a(P')dP' . 

RT
0 

Be11111111Ha f = y Ha:JbmaeTCH KO:JcjJqmiiueHmOM Jiemy 'lecmu peaJlbHOro p 
ra3a . .[(1151 y rro11yqaeM Bbrpa)!(em1e 

y = f =exp[--
1 

fP a(P')dP'] = exp(-aP) 
P RT 

0 
RT ' 

p 

r.ue a= J_ fa ( P'flP' - cpe.nHee 3Ha11eH11e a. . Tip11 H113Kl1X .uas11eHl1HX 11 .LIOC
p o 

TaTO'IHO BbICOKl1X TeMrrepaTypax -- << I, l103TOMY y"" 1-- . :::ho Bbipa-

l

aP/ ar 
RT RT 

)!(eH11e MO)!(HO rrpeo6pa3osaTb c11e.uy10m11M o6pa30M: 

Y""__!_(RT _a)=__!_V=__!_ , 
RT P RT f1d 

(2.1.80) 

r.ue P;d - .uas11eH11e 11.uea11bHoro ra3a rrp11 Tex )!(e yc11os11Hx. 

TIOCKOJlbKY JleTyqeCTb BXO,L1 11T B Bblpa)!(eHHe ):IJlH Xl1Ml11IeCKOfO lIOTeHU11a

Jla pean bHOH CHCTeMbl TaKHM )!(e o6pa30M, KaK i:1asneH11e BXO,LIHT B Bb!pa)!(eHHe 

):IJlH Xl1Ml11IeCKOro lIOTeHu11a11a 11.ueaJlbHOH Cl1CTeMbl, TO sce ypasHeHHH, rro11y

YeHHb!e LIJlH 11i:1eaJlbHb!X Cl1CTeM, MOfYT np11MeHHTbCH K peaJlbHblM Cl1CTeMaM 

npocTo rrptt 3aMeHe .uas11eHttH Ha 11eTyqecTb. 

MaKCH.MaJihHa5l r10ne3Ha5l pa6oTa 

TiycTb rrp11 lIOCTOHHHb!X TeMrreparype 11 i:1as11eHMl1 rrp011CX0):111T 113MeHeHlfe 

c so6oi:1Hoi1 :mepm11 c11cTeMbI t..GT,P=M +Pt..V-Tt..S. Tiptt 3TOM M=Q - W 

B c1111 y rrepsoro 3aKoHa TepMOL1ttHaM11K11. Cnei:1osaTenbHO, 

t..G = (Q-Tt..S)+Pt..V -W. (2.l.81) 

,[(1151 06paT11Moro rrpouecca Q = Qr = T Af, r i:1e 11H):leKc r o603Ha'IaeT 06-

p aTHMOCTb rrpouecca. Tori:1a 

-t..GT,P = W,. -Pt..V, (2. l.82) 

T. e. yMeHbIIIeHtte CB060):IHOH 3Heprttl1 f1166ca Cl1CTeMbl paBHO pa3HOCTl1 Ma K

CHMaJlbHOH pa60Tbl, KOTopy!O MO)!(HQ l1011Y1Jl1Tb OT CHCTeMbl, 11 pa60Tbl rrpOTHB 
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c11n stteurnero .uasneHIDI (Mexatt11qecKoì1 pa6oTbI) . 3ra pa:rnocTb Ha3brnaercH 
none3Hoì1 pa6oTOì1 (L). TaK11M o6pa30M, MaKc11ManbHaH none3HaH pa6ora c11c
TeMbI np11 nocTOHHHOM .uasnett1111 11 TeMnepaType pastta )'MeHbll!eH1110 cso6o.u
Hoì1 3Hepr1111 f1166ca. Toqtto TaK JKe MOJKHO noKa3aTb, qTo np11 nocTOHHHOM 

o6oeMe 11 TeMrrepaType L = -Mv,r. 

,2],nH 6eCKOHeqHo Man bi X np11pamett11ì1 dGr,P = dH -TdS ' np11 3TOM 

dH =dQp . Tor.ua 

( 
dQp ) -dG=T -T+dS . (2.1.83) 

B 3TOM ypasttett1111 -dQp /T - ysen11qett11e 3Hrpon1111 OKpYJKaiomeìi cpe,UhI, 

nocKOJJbKY B paccMarp11saeMOM npouecce cpe.ua nonyq11na KOJ111qecrno rennoTbI 

-dQp , a dS - yseJJJ1qeH11e 3Hrpon1111 c11creMbI. Bb1paJKeH11e B CK06Kax B npasoìi 

•-iacr11 ypastteHIDI npe.ucrasmer co6oì1 nonttoe 113MeHett11e 3Hrpon1111 c11cTeMbI 11 
OKpYJKaIOmeif cpe,Uhl. B n1060M caMonpo113BOJJbHOM npouecce 3Ta senwrntta no
nOJKHTeJJbHa, n03TOMY 113MeHeH11e CB060.UHOH 3Heprn11 f1166ca B TaKOM npou.ecce 

.uonJKHo 6bITh orp11uarenbHhIM ( dG <O). B qacrttocr11, 3TO .uonJKHO BhmOJJHHTbCH 
,UJIH qmYKTYau11ì1 G B COCTOHHHl1 paBHOBeCIDI, T. e. B COCTOJiHl111 paBHOBeCl151 CB0-
60.uHaH 3HeprIDI f1166ca Ml1Hl1MaJJbHa ( Cl1CTeMa caMonp0113BOllbHO B03BpamaeTCH 
B COCTOHHl1e paBHOBeCl1Ji nocne BbIXO,Ua 113 Hero B pe3yJJbTaTe qmyKTyau.1111). 

Cpenmie MOJihHhie 

M nap:u;HaJihHhie MOJihHhie BeJilflIMHhI 

0.UHOpO,UHOH cpyHKu11eì1 nopH,UKa q nepeMeHHbIX {y;} (3.uecb 11 .uanee cp11-
rypHbie CK06K11 03HaqaioT tta6op nepeMeHHbIX, 11n11 BeKTop), i= 1, 2, ... , n, Ha-
3brnaercH TaKaH cpyHKU11Hf( {y;} ), qTO 

f({ÀY;})=Àqf({Y;}), i= 1,2, ... ,n. (2.1.84) 

CornacHo TeopeMe 3ìinepa, .UJJH o.uttopo.uttoìi cpyHKU.1111 nopJr,UKa q Bbl
nonHHeTCH paseHCTBO 

n òf EiY; Ò}'; =ef({y;}), l, ... ,n. (2.1.85) 

3HrpOnl1H - O,UHOpO,UHaH cpyttKU.1151 nepsoro nopH,UKa OTHOCl1TenbHO 
q11cJ1a qacTl1ll. B Cl1CTeMe: 

Sd[ Q+j1E+ :;:ajnj} (2.1.86) 

r.ue nj - •meno qacT11uj-ro copra B c11cTeMe. 
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113 0.[\HOpO,UHOCTl1 :rnTponm-1 cne.uyeT O,UHopo.nHOCTb 11 .upymx TepMO.UM

HaMJ.flleCKl1X <jlyHKUl1H, Hanp11Mep 

G(T,P,A.n1 ,A.n2 , ••• ) = A.G(T,P,n1 ,n2 , ... ) . (2.1.87) 

Benwrntta 
ni 

xi =-e-- , r.ue e - i:rncno KOMnoHeHTOB s c11cTeMe, tta3bIBa-

.~:>i 
i=I 

eTC» MOllbHOH .uoneii i-ro KOMCTOHeHTa. Ecn11 B (2.1 .87) nonmKHTb 

TO nony'lttM: 

I 
À.=-- , 

e 

~.>J 
J= l 

G(T,P,xl>x2 , •.• ) = A.G (T ,P, n1 ,n2 , ... ), 

(2 .1.88) 

(2.1.89) 

r.ue G - cpe.nmrn MOnhHa» cso6o.nttall :rnepnrn r1166ca. )J:nll mo6oì1 3KCTeH

Cl1BHOì1 <jlyHKUl111 COCT051Hl1» z cpe.nHee MOllbHOe 3Ha'leHtte onpe.uen»eTCll aHa
nom'lHO (2.1 .89): 

r.ue A. onpe.neneHa B (2.1 .88). 
Ben11'l11Ha 

Z=,U , 

zi =(òZ) 
Òn· 

t T, P,{nj ~i} 

Ha3bIBaeTC» napu11anbHb!M MOllbHb!M 3Ha'leHJ1eM Bentt'll1Hbl z. 

YpaBHem1e f 1166ca-,[(10reMa 

(2.1.90) 

(2 .1.91) 

l13 OCHOBHOro TepM0.[(!1HaMJ1'leCKOro TO)l(,UeCTBa .Ullll paBHOBeCHblX npo

ueccoB cne.uyeT 

TdS=dE+PdV-LµJdnJ , 
j 

T. e. dGr,P = Lµ1dn1 , oTKy.ua 

j 

(òG] µ · = 
J onj T, P, n;~j 

(2.1.92) 
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3TO BbipaJKeHHe ITOKa.3bJBaeT, YTO XHMHYeCKHH ITOTeHuHaJI .sJBmleTC.!I rrap

UHaJibHOH MOJibHOH :meprneì1 fH66ca. TaK KaK 3HTpOITH.!I H ,npyrne TepMO,llH

HaMHYeCKHe cpyHKUHH - O,llHOpO.UHble cpyHKUHH rrepsoro rrop.si.uKa OTHOCH

TeJibHO 'IHCJia YaCTHU, TO B CHJIY TeopeMbl 3ì1nepa 06 O,llHOpO.UHbIX cpyHKUH.!IX 

B 1-taCTHOCTH 

Z= 2>·[~J=L>·z·, 1 an- 11 
j J j 

G= InJµJ. 
j 

(2 .1.93) 

PaccMaTpHsa.si G KaK cpyttKUHIO TeMrrepaTypb1, .uasnettH.si H YHcna YaCTHU, 

HMeeM: 

dG = (aG) dT +(aG) dP+ I[ aG l dn; 
8T p n 8P r n . 8n1-

, ' J P,T 

B TO JKe BpeM.sI H3 (2.1.81) HMeeM: 

dG = Iµ1dn1 + In1dµ1 . 
j j 

CpaBHHBa.si 3TH ,nsa Bb1paJKeHH.sI e yYeToM (2.1.80), rroJiyYHM: 

In1dµ1 = (aG) dT +(òG) dP = -SdT + VdP. 
. 8T p n òP T n 

J ' ' 

(2.1.94) 

ITonyYeHttoe coOTHOUiettHe tta3hJBaeTc.si ypasttettHeM fH66ca- ,UIOreMa. 

B YaCTHOM CJiyYae, npH ITOCTO.!IHHblX .uasneHHH H TeMrrepaType, OHO yrrpomaeTc.si : 

In1dµ1 =o . 
j 

2.2. KirneTttKa XttMttl.JeCKHX peaKu:tt:H: 

(2.1 .95) 

XHMHYeCKHe H3MeHeHH.!I B CHCTeMaX .!IBJI.!IIOTC.!I pe3yJibTaTOM COBMeCTHOfO 

rrpoTeKaHH.sI orpaHHYettttoro YHcna :JJU!MeHmapHblX peaKt1uu (npot1eccoe). Ka

JK,Ua.si 3JieMettrnptta.si peaKuH.si xapaKTepH3yeTc.si cmexuoMempu'leCKUM ypaeHe

HUeM H CKOpocmblO. CTeXHOMeTpHYeCKHe ypaBHeHH.!I peaKL(HH HMeIOT BH,ll 

m m 

Iv,.iAi ~ Iv;iAi, (2.2.1) 
i= I i=I 
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r)J,e m - 'HICnO KOMITOHeHTOB CHCTeMhl , vri 11 v;i - cmexuoMempu'leCKUe K0-

3rjxjJuiiueHmbl, ( vri, v;i ?: O), A; - x11M1111ecK11e Cl1MBOnh1 KOMITOHeHTOB c11c

TeMhI, HH)J,eKC r COOTBeTCTByeT HOMepy ::rneMeHTapHOH peaKUHH. Ha6op Ben11-

411H Yi = vf - vi orrpe.nem1eT TaK Ha.3hrnaeMhIH cTex110MeTp1111ecK11ìf seKTop 

3neMeHTapHOH peaKu1111. KmK.LIOMY c11Msony A; OJJ.H03Ha11Ho cooTBeTCTByeT 

KOHUeHTpaum1 KOMITOHeHTa C; B CHCTeMe. 

TiycTh N; - 1111cno 11acTHU KOMITOHeHTa A; B CHCTeMe . l13 ITOHCHeHHH K 

ypaBHeHl1lO (2.2 .1) HCHO, 1.jTQ pe4h H)J,eT 06 l13MeHeHHl1 1111cna 11aCTl1U i - ro cop

Ta B CHCTeMe B OLIHOM 3neMeHTapHOM aKTe peaKUHH r: 

8'.rNi = v;i -vri = Yri , 

me 8'.r - H3MeHett11e rrapaMeTpa (3JJ.eCh N;), OTHOCHJ..UeecH K peaKu1111 r. 

B rrpoH3BOnhHOM 1111cne aKTOB ç, rrpo111e)J,11111x 3a speMH 8i. t , 8'.rN; = 

=çr Yri JJ.nH mo6oro i. 0TCIO.Lla 

;: - 8'.,.N· ':>r - _ ___ I (2.2.1 a) 
Yri 

Ben111111Ha ç, Ha.3hrnaeTCH x11M1111ecKoìf rrepeMeHHOH 11 xapaKTep113yeT CTe

rreHh rrpoxo)!(.nett11H peaKu1111. CKopocTh v, 3neMeHTapttoìf peaKu1111 r MO)!(HO 

orrpe.nenHTh KaK 1111cno 3neMeHTapHhlX aKTOB, rrp011Cllle)J,llll1X B e)J,11H11UY Bpe

MeHH B e)J,HHHUe o6beMa: 

1 çr 1 8'.,.N; 
Vr=--=--- . 

V 8'.t V Yri 8i. t 

Ilepexo)J,H K rrpe.neny rrp11 8'.t---+ O, rronY4HM : 

I drci 
v,. =---, 

Yri dt 
(2.2 .2) 

N-
r )J,e ci = - 1 

- KOHUeHTpaUHH i - ro KOMITOHeHTa. IlpOCYMM11pOBaB rro BCeM 
V 

peaKUHHM, rrony1111M rronHyIO CKOpOCTh l13MeHeHHH KOHUeHTpau1111 KOMITO

He HTa A;, T. e. cKopoCTh x11M1111ecKoìf peaKu1111: 

dc; = LYrivr . 
dt r 

(2 .2.3) 

CKopOCTh peaKU1111, KaK 11 KOHUeHTpaum1. KOMITOHeHTa, - HHTeHCHBHaH 

aen111111Ha, xapaKTep113y10maH c11cTeMy B T04Ke. 
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B Xl1Ml1l.JeCKOH JIHTepaType CKOpOCTb Xl1Ml1l.JeCKOH peaKl.(HH t.JaCTO onpe

)J,eJUIIOT KaK 1-IHCJIO MOJieKyJI, pear11pyiom11x B e)J,HHl1l.(Y BpeMeHl1 B e)J,11HHl.(e 

o6oeMa, T. e. BMeCTO (2.1.2) 11CflOJih3YeTCll COOTHOllleH11e 

drci . 
v,.i = dt (2.2.4) 

I1p11 TaKOM orrpe)J,eJleHHH B03Hl1Ka!OT HeKOTOpbie Hey)J.o6cTBa, cmnaHHb!e 

e TeM, l.JTO CKOpOCTl1, onpe)J,eJieHHbie rro pa3HhIM peareHTaM, MOrYT He COBITa

)J,aTh. TaK, ttanp11Mep, B peaKl.(HH 06paJ0BaH11ll BO)J,hI 

2H2 + 0 2 = 2H20 

CKOpOCTb y6hIJil1 BO)J,Opo)J,a B)J,BOe 60Jlbllle CKOpOCTl1 y6hlJlH KHCnopo)J,a. I103TOMY 

BeJIHl.J11HY V,.; B (2 .2.4) rrpHH.l!TO HaJbIBaTb CKOpOCThlO peaKl.(HH rro i-My KOMITOHeH

Ty, a CKOpOCTh, orrpe)J,eJilleMyio (2 .2.2), - CKOpOCTblO peaKl.(HH B ueJIOM. 

B np11Be)J,eHHhIX BhIWe cooTHornett11llx BMecTo t.JHCJia t.JaCTl1l.( N,. MO:>i<HO 

HCITOJib30BaTh l.Jl1CJ10 MOJleH )J,aHHhIX l.JaCT11U: B CHCTeMe. I1p11 3TOM 113MeHl1TCll 

TOJibKO pa3MepHOCTb CKOpOCTl1, a BCe COOTHOllleHl1ll OCTaHyTCll npe)l(Hl1MH. 

ITpe)J,crnsnett11e x11M11t.JeCKOH peam1111 B BH)J,e cyrrepno111u1111 3JieMeHTapHhIX 

cTa)J,11ì1 Ha3hJBaeTCll onpe)J,eneHHeM Mexa11u3Ma (Ullu cxeiwbt) peaKlJUU. Mexa

ttl13M peaKl.(11H 3aBHCl1T OT MaCWTa6a BpeMett11, B KOTOpOM npoBO)J,11TCll 11CCJie

)J,OBaHHe Cl1CTeMhl. Te npoueccbl, KOTOpb1e B rpy6oì1 BpeMeHHOH llIKaJie Ka3a

JIHCb 3JieMeHTap Hb!Ml1, np11 6onee )J,eTaJibHOM pacCMOTpeHHH MOfYT OKa3aTbCll 

CJ10)1(Hb!Ml1. 

,[(Jlll 3JieMeHTapHb!X peaKl.(HH B 1130JI11pOBaHHbIX H npocTpaHCTBeHHO O)J,HO

pO)J,HbIX Xl1Ml1l.JeCKHX CHCTeMaX BblITOJIHlleTCll 3GKOfl òeìicm6Ufl MGCC (3,[(M): 

( ) 
m V . 

vr = kr T, e f1 C· n , 
i=l l 

(2.2 .5) 

r)J,e vri - CTeXHOMeTpHt.JeCKHe K03cpcpHl.(11eHTbl 3JieM eHTapHOH peaKl.(1111, 

kr ( T' e );::o - KOHCTaHTa CKOpOCTH 3TOH peaKl.(11H, 3aBHCllll.(all OT TeMrrepary

pbl 11, B o6meM CJIYt.Jae, OT KOHl.(eHTPaU:HÌi. 

B CJIYt.Jae CJIO)l<HOH peam1111, Mli KOTopoìi Mexatt113M He YTOLJHlleTCll, C'-IHTa!OT, 

'-ITO BblITOJIH.lleTCll oc1-toe11oìi nocmy!lam XU.MU'-lecKoìi KUHemuKu : CKopocmb xu
MU'-lecKoìi peaKlJUU 516flflemcfl cmene1111oìi </Jy11K4ueìi K01-t1.J eHmpai1uìi peazu

PYIO/.liU.X 6e/.lieCm6: 

m n. 
vr =kr(T,c) f1 c. 1

, 
i=l l 

(2.2.6) 

r)J.e noKaJaTenH cTerreHtt n,. - HeK0Topb1e, onpe)J.eJilleMbie 3Kcnep11MeHTaJihHO 

'-IHCJia, a He CTeXHOMeTpH'-IeCKHe K03cpcp11u:11eHTbl. ql1CJIO n; Ha3b1Ba!OT nopflÒ-
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KOM peaK4uu no peazeHmy i, rrp1111eM B OTJJH'!He OT CTeXHOMerp1111eCKHX K03cjl

cjlm~HeHTOB s (2.2 .5) n; MO)KeT 6hITh 11 .upo6HhIM, 11 OTpm~aTeJJhHhlM. Ben111111Hy 

m 
n = I ni Ha3h!Ba!OT nopRÒKOM peaK4uu. 

i=I 
qHCJJO qaCTHU, yqacTBYIOil.J,HX B 3JJeMeHTapHOM aKTe, Ha3hJBaeTC51 MOJleKy

flRpHOCmblO peaK4uu. MoneKyJJ51pHOCTh - scer.ua u,enoe 1111cno, o6hI'IHO He 

rrpeBhlllialO!Uee 3. JJ:n51 3JJeMeHTapHh!X peaKUHH MOJJeKyJJ51pHOCTh H nop51,UOK 

peaKUHH cosna.uaIOT, .UJ151 CJJO)!(Hh!X - He o6513aTeJJhHO . 

Bo MHOrJ1X npaKTH'!eCKJifX cnyqa5!X, Kor,na B xo.ue peaKUHH CHCTeMa He Te

p51eT roMoreHHOCn1, BhII10JlH5!eTC5! rrocry.rmT He3aBHCHMOCTH 3JleMeHTapHh!X aKTOB: 

Ka:>JCÒaR 3flefateHmapHaR cmaÒuR CflO:>JCHoìi peaK4uu npomeKaem He3a6UCUMO 

om òpyzux 3fleMeHmapHblX cmaòuìi. 

B xo.ue CJJO)!(HOH peaKU,HH ee CKOpOCTh H CKOpOCTH ee 3JleMeHTapHhlX CTa

.UHH MoryT MeH5!ThC5!, nptt 3TOM KOHCTaHThl CKOpocTeH TaK)!(e H3MeH5llOTC51. 

ITpH HeKOTOph!X ycJJOBH5!X CKOpOCTb peaKUHH MO)!(eT OCTaBaTbC51 B Te'!eHHe 

.UJJHTeJibHOro speMeHH nocT051HHOM. Torna peaKUH51 Ha3bIBaeTC5! cma4u0Hap

Hoìi. ITptt np116JJ11)!(eH1111 K crnu110HapH0My pe)!(HMY MO)!(eT B03HHKHYTh pe

)!(HM, Kor.ua KOHCTaHThl CKOpOCTett 3JleMeHTapHhIX CTa,UHH CTaHOB51TC51 IlOCT0-

51HHb!MH, XOT51 CKOpOCTb peaKUHH eme H3MeH5leTC51. TaKOH pe)!(HM Ha3b!BalOT 

npeòcma4uoHapHblM. 

EcJJH ):IJI51 KaKOH-JlH6o 3JleMeHTapHOH CTa.UHH V; < vi ):IJI51 scexj 7' i, TO ro

B0p51T, 'ITO i-51 CTa.Ul151 CJlO)!(HOH peaKIJ,HH 51BJI5leTC51 JlUMUmupy!Ouieìi cmaòueìi . 

B 3TOM cnyqae CTaU,HOHapHa51 CKOpOCTb CJlO)!(HOH peaKUHH paBHa CKOpOCTH 

JlHMHTHpyIO!UeH CTa.UHH. 

CKopoCTh peaKu,1111 MO)!(eT onpe.uen5!ThC5! n1160 CKopocThlO 3JJeMeHTapHo

ro XHMHl.feCKOro aKTa, JJH6o .u11cjlcjly3tteii peareHTOB K MeCTY peaKUHH H npo

.UYKTOB - oT Hero. B nepsoM cnyqae rosop51T, 4TO peaKUH51 11.ueT B KUHemui1e

cKoìi 06J1acmu, BO BTOpOM - B òucjJpy3UOHHOÌÌ 06J1acmu. Bo3MO)!(Hhl, KOHe'!HO, 

H JI106h1e np0Me)!(yro11Hh1e sap11aHTh1. B 611onor1111ecKHX CHCTeMax peaKUHH 

O'leHb qaCTO H.UYT B .u11cjlcjly3110HHbIX o6Jlacrnx. 

KoflcTaHTa paBHOBec1rn 

B rrp11po.ue HeT Heo6parnMhIX peaKUHH, rro.uo6HhIX (2.2 .1). JJ:n51 Ka)!(.uoro 

3JJeMeHTapHoro npouecca cymecTsyeT o6paTHhIH eMy npou,ecc. B pasHosec

HOH CHCTeMe ):IOJl)!(eH BbinOJJH51ThC5! npHHUHil .ueTaJJhHOro paBHOBeCH51, B CHJJY 

KOTOporo CKOpOCTH np51MOH H o6paTHOH peaKIJ,HH .UOJJ)!(Hhl 6hITh paBHhl. B 3TOM 

cnyqae 113 nocTyJlaTOB XHMH'!eCKOH KHHeTHKH cne.uyeT, 'ITO 

n· nf 
vr =kr?caf =V-r =k-r~ Cbf ' 

r.ue Cai H Chf- KOHU,eHrpaU,HH HCXO.UHhlX peareHTOB l1 rrpo.nyKTOB peaKUHH co

OTBeTCTBeHHO. 
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CnenosaTenbHO, 

nf 

?cbf =~=K(T)=const. 
. --n - Lr 

l Dc ai 
i 

(2.2.7) 

Ben11q1rna K(T) Ha3bJBaeTc5! KOHCTaHToì1 paBHOBec1151 naHHOH x11M11qe

CKoì1 peaKl..{1111. 0Ha 3aBl1Cl1T OT TeMnepaTypbl (MO)!(eT 3as11ceTb OT nasneHl151 11 

OT KOHUeHrpau11ì1 KOMITOHeHTOB) 11 ITOJIHOCTbIO xapaKTep113yeT COCT051Hl1e x11-

M11qecKoro paBHOBeC1151 B 3anaHHblX ycnOBl151X. 

3aB:HC:HMOCTb CKOpOCT:H peaKU,:H:H OT TeMrrepaTypbl 

3Kcnep11MeHTaJibHO ycTaHOBJieHO, qTo np11 113MeHeHl111 TeMnepaTypbl Ha 

ITOCT051HHOe q11cno 11T CKOpOCTb peaKl.(1111 113MeH5leTC51 B onHo 11 TO )!(e 411CJIO 

pa3 q i:,.r. Ilp11MTO paccq11TbIBaTh :no 113MeHeH11e nrr51 11T = 1 O. Torna nn51 npo

CTbIX Xl1Ml14eCKl1X peaKl..{11H 

q 
_ VT+IO _ kT+IO VT+ IOm _ kT+IOm _ qm 

IO--------,-------- I O• 
VT kT Vr kT 

11 nn51 q10 BbIITOJIH5leTC5! npas11no BaHT-focpcpa: 2 ~ q10 ~ 4 . 

l1ccneny51 3aBl1Cl1MOCTb KOHCTaHTbl paBHOBeCl151 OT TeMneparypbl, BaHT

focpcp nonyq11n ypaBHeH11e 

dlnK = l1H 
dT RT2, 

rne l1H - 113MeHeH11e 3HTanbn1111 c11cTeMbI np11 npoxo)!(neH1111 peaKu1111. OH 

npennonO)!(l1JI, qTo l1H = E1 - E_ 1, rne E 1 11 E_, He 11MeIOT KOHKpeTHOro 

CM.blCJia, HO no pa3MepHOCTl1 COBnanaIOT e 3Hepr11eì1. Torn a 

d In k1 _ d In k_ 1 E1 E_1 

RT2 - RT2 ' 

4TO IT03BOJI5leT ITOJI0)!(11Tb 

dT dT 

dlnk -~+const. 
dT- RT2 

(2 .2.8) 

TaK KaK l1H 3as11c11T OT TeMrreparypbl, TO 11 E0 = Ea(I) . Ha OCHOBaH1111 

3 Kcnep11MeHTanbHbIX naHHbIX Appett11yc noKaJan, qTo const = O, qTo rro3son11-

no eMy npennO)!(l1Tb Teop11IO, OITl1CbJBaIOmYJO 3aBl1Cl1MOCTb KOHCTaHTbl CKOpo

CTl1 peaKl.(1111 OT TeMnepaTypbi. YpaBHeH11e (2.2.8), 3arr11caHHOe B s11ne 



11n11 
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dlnk 
dT 
~ 
RT2 

Ea 

k = Ae-RT 

ml3hIBaeTc» ypasttemieM Appett11yca. 

103 

(2 .2.9) 

(2.2.10) 

OcHOBHhie nonmKemrn Teop1111 aKT11BHhIX CTOnKHOBeH11ì1 AppeH11yca: 

• .nn» npoTeKamrn mo6oì1 peaKu1111 Heo6xo.n11Mo cTonKHOBeH11e MoneKyn; 

• B peaKI..(1111 yqacTBYJOT TOllhKO aKTl1BHhie MOnerynhI, T. e. Kl1HeTl14eCKM :rnep

rHR cTanKHsmom11xc» Moneryn .nom1rna rrpeBhIIJJaTh nopor aKT11sau1111 E0 ; 

• B xo.ne peaKu1111 He 113MeHHeTcH pacnpe.nenett11e MoneKyn no 3Hepr11HM 
( a.n11a6aT11L1ecKoe np116nmKett11e ). 

Ha OCHOBaHl1H 3Tl1X nono)l(eHHH H 3aKOHOB MOneKynHpHOH cj:m311Kl1 MO)l(

HO nonyql1Tb ypaBHeHHe .nnH CKOpOCTH 611MoneKynHpHOH peaKI..(Hl1, npoTe

KaIOll.{eH np11 cTonKHOBeHHH .nsyx MoneKyn, A 11 B, s s11.ne 

k = Jrd2 )ksT NA e-EAB I RT 
2Jrµ 103 ' 

(2.2.11) 

r.ne d - CYMMa 3cj:Jcj:JeKT11BHhIX pa.n11ycos MoneKyn, k8 - KOHCTaHTa Eonhl.(Ma

Ha, µ - np11se.neHHaH Macca MoneKyn, EA8 - Ml1HHManhHaH 3Heprm1 np»Moro 
CTOnKHOBeHl1H MOneKyn, npH KOTOpOH B03MO)l(H0 npoTeKaHHe peaKI..(HH. Ben11-

411Ha EA8 HMeeT TaKOH )!(e CMhICn, KaK 3Heprm1 aKT11sau1111 Appett11yca, o.nttaKo 
OTllH4aeTC.SI no senH411He. JiorapHcj:JMHpy», nOJiy<IHM: 

( 
2 -3 {k;) l EAB 

lnk =In 4Jrr 10 No~~ +2.lnT- RT . 

IIpo.n11cj:Jcj:JepeHu11posas no T, 11MeeM: 

dlnk =-1-+ EAB =~, 
dT 2T RT2 RT2 

OTKy.na 

- 1 E0 -EAB +2.RT. 

Ilp11 cpe.ntt11x TeMnepaTYPaX t RT "" 1,5- 2 K)J.WMOnh, EA8 - .nec.SITKl1 

t<)J.)l(/MOllb. 
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Ho li B 3TOM cnyqae ecTh peaKUlili, .umi KOTOphIX 3Ha'!eHIDI rrpe;nKcrro

tteHThI A tta tteCKOJihKO nopl!.UKOB OTJili'!aeTcl! oT pac'!eTHhIX . .[lnll cornacosa

Hlill e 3KCnepliMeHTOM BBO.UliTCll TaK Ha3bJBaeMbIH «CTepli'IeCKliH cpaKTop», 

)"lliThJBaJOll..(liH reoMeTpli!O CTOJIKHOBeHlill: 

~ 
EAB 

k = <nrd2 e - RT 
µ 

(2.2.12) 

Ilpe.urronaranoch, '!TO cr :<;; 1. TaK li eCTh .umi 6onhlllliHCTBa peaKUliH, Oll

ttaKo tte .UJill scex: 

H2+ 1z B 2HI 
2NaC1 B 2Na + Cl2 

H2 +ICI= Hl+ HCI 
203 = 302 

cr - I ; 
(J - 0,04; 
(J > 10; 
(J > 104. 

C'IliTal!, 'ITO B aKTliBlipOBaHHOM COCTOl!Hlil1 MOJieKyJihl HaXO.Ul!TCll B Xli

Mli'!eCKOM paBHOBec1111 e KOMITOHeHTaMl1 Cl1CTeMhI, a ero pacna.u - Jil1Ml1Tl1-

PY!Oll.(al! CTa.um1 peaKUl11i, tte JaBHCllll.(all OT TeMrrepaTyph1, MO)l(HO Jarr11caTh 

* k = Kck , 

r.ue 

_ M* _ tiu* + tis* 
K =e RT =e RT e R e (2 .2 . 13) 

- KOHCTaHTa paBHOBeCl1ll, tiF*, !'!.U* 11 !'!.S* - CB06o.uttall :rnepr11ll, BHyTpeH

Hllll 3Heprn51 11 3HTpOITl151 o6pa30BaHlill aKTl1B11pOBaHHOro KOMITJieKca COOTBeT

CTBeHHO. 

Teop11ll aKTliBHhIX CTOJIKHOBeHl1H BrrepBb!e TI03BOJiliJia Bhll!CHl1Th CMhICJI 

npe.U3 Kcnottettu11anhttoro MHO)l(liTenl! B ypasttett1111 Appett11yca. 3ttepr11JO aK

TttBaUHli LJaCTO Ha3bIBaJOT aKT11Bal.(1iOHHhIM 6apbepoM. 

ITocne B03HliKHOBettlill KBaHTOBOH Mexatt11K11 6hrna pa3pa6oTatta TeopIDI 

a6COJIIOTHhlX CKopocTeH peaKl..(11H, liJil1 TeopIDI aKTliBlipOBaHHOro KOMrrJieKca, 

ueJiblO KOTopoì1 6bJJI pac'!eT KOHCTaHT CKOpOCTeH peaKl..(liH Ha OCHOBaHl111 .uaH

HhlX o CBOHCTBax yqaCTBYIOll..(HX B peaKUlillX MOJieKyJI. 

B 3TOH Teop1111 CTaJIKl1BalOll..(11eCll MOJieKyJihl paCCMaTpliBalOTCll KaK KBa-

31i'!aCTl1Ua, a,U1ia6an1qeCKli .UBli)l(yIUallCll no rrosepXHOCTli noTeHu11aJihHOH 

3 Heprn11 (TII13) B npoCTpaHCTBe KOOp.UliHaT aTOMOB peareHTOB. 3TO .UB11)1(eHlie 

MO)l(eT 6h!Th on11caHO B TepM11HaX KJiaCCl1'!eCKOH MexaHl1Kli . I10TeHu11aJibHOMY 

6apbepy aKT11sau1111 Ha TII13 COOTBeTCTByeT ce.unosall TO'!Ka, B OKpeCTHOCTli 

KOTOpOH KBa3WiaCTliUa Heo6paTl1MO npespall.(aeTCll B aKTliBlipOBaHHhIH KOM-
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nJieKc, KOTOphIH 3aTeM, npoif.rv1 qepe3 6aphep, npespamaeTCH B npo.11yi<ThI pe

aKu1111. Tip11 3TOM B aKTl1B11pOBaHHOM KOMnJieKce npo11cxo.1111T nonepeMeHHa5! 

rpaHccpopMaUJUI .11pyr B .11pyra rpaHCmIUHOHHhIX 11 KOJie6aTeJihHhIX CTeneHeH 

cso60.11h1. TaK )Ke KaK B Teop1111 AppeH11yca, C'-!11TaeTc5!, YTO 06pa30BaH11e aK

T11s11posaHHOro KOMnJieKca He np11so.1111T K HapyweHHIO pacnpe.11eJieH115! 

DOJihUMaHa B CHCTeMe, T. e. OH HaX0.1111TC5! B Xl1M11YeCKOM paBHOBeCHl1 e pea

reHTaMJ1. CymecTBYIOT HeCKOJihKO no.11xo.11os K TeopeT11YecK0My on11caH1110 Ta

KOH M0.1IeJI11 611MOJieKyJI5!pHOH peaKU1111, HO BCe OHM rrp11B0.115!T K 0.IIHOMY 11 TO

MY )Ke ypasHeH11!0 .l!Jl5! KOHCTaHThl CKOpOCTl1: 

me 

k = ksT K*' 
h 

K* = ___L_e-Eo I ksT 
Z1Z2 ... 

(2.2.14) 

(2.2.15) 

- KOHCTaHTa paBHOBeC1151 .IIJl5! aKT11B11posaHHoro KOMnJieKca, z*, Z1, Z2 -

CTaTl1CTl1'-!eCKHe CyMMhl no COCT05!Hl15!M .l!Jl5! aKTHBHpoBaHHOro KOMIIJieKca 11 

peareHTOB, Eo - pa3HOCTh ::iHepr11if ttyrresh1x KOJie6aHHH aKTHBHposaHHoro 

KOMIIJieKca 11 MOJieKyJI peareHTOB, paBHa5! 3HTaJihnl1H peaKU11H np11 a6cOJIIOT

HOM HyJie TeMnepaTyph!. 

.[(JI5! yqeTa B03M0)KH0H Hea.u11a6aTl1'-!HOCTl1 .[{Bl1)KeHH5! KBa311YaCTl1Uhl 110 

IlI13, a TaK)Ke HeKOTOphlX .upyr11x 3cpcpeKTOB, He Yl.JHThJBaeMhlX on11caHHOH 

Bhlllle npOCTOH MO.lleJih!O, B ypaBHeH11e (2.2. I 4) BB0.[{5!T TaK Ha3hJBaeMhIH rpaHC

Ml1CCl10HHhIH K03cpcp111.(HeHT K'. 

k =KksT K*. 
h 

B 6oJihWl1HCTBe crryqaes K 110 BeJI11'-!11He 6JI1130K K e.u11H11ue . 

KaTamn 

(2 .2 . I 5) 

KaTaJI113 - ycKopeHHe x11M11YeCKOH peaKu1111 B np11cyTcTB1111 semecTsa, 

yqacTsymmero B npoMe)KyTO'IHhIX CTa)J,115!X 11 pereHep11pyeMoro B KOHe'-!HOH 

peaKUl111. KaTaJil13aTop np11cyTCTByeT 11 B 11CXO)J,HhIX peareHTax, 11 B np0.11,YKTaX 

peaKu1111. KoHueHTpaUH5! KaTaJI113aTopa MO)KeT 6hITh o'-!eHh MaJia, Hanp11Mep 

C uS04 B KOHUeHrpau1111 10- 13 M {I M = I MOJih!JI) 3aMerno ycKopHeT oK11cJie

H11e cyJihcpl:na (Na2S203) Kl1CJIOPO.IIOM B03)J,yxa. KaTaJil13aTop He BJIJ15!eT Ha 

KOHUeHrpau110HHYIO KOHCTaHry paBHOBeCl15!. 



106 rnasa 2. <1>1!13111KO-XlllMl!l4eCKl!le OCHOBbl on111caHlll5l 6111onor1114eCKlllX ClllCTeM 

f oMoreHHhIH KaTaJHl3 

Tip11 roMoreHHOM KaTan113e KaTaJil13aTop 11 peareHThI o6pa3yIOT Oì::\HY cpa3y. 

Pa3n111ia10T cneL1y10lIJ,11e Bl1LlhI roMoreHHoro KaTaJI113a: Kl1CJIOTHo-ocHoBHOH, 

OKl1CJil1TeJihHO-BOCCTaHOBl1TeJihHhlH, KOOp.[111Hal(HOHHhIH, ra3ocpa3HhIH, cpepMeH

TanIBHh!H. 

06o6lIJ,eHHM Kl1CJIOTa (KHCJIOTa opeHCTe.[la) - BelIJ,eCTBO, 51BJI5l!OlIJ,eec51 

.[IOHOpOM npOTOHOB. 06o6lIJ,eHHOe OCHOBaH11e - aKuenTOp npOTOHOB: 

{

a) S + 2,Ai ·. ki SH+ + 2,Bi; 
k_1 

6) SH+~P. 

3.[lech A; - 0606lIJ,eHHh1e Kl1CJIOTh1, B; - conpmKeHHhie e Hl1Ml1 0606-

lIJ,eHHhie OCHOBaHl151. 

Ecn11 CTa.[ll151 6) 11.[leT e Y4aCTl1eM BO.[lhl: 

SH+ +H20~ P, 

TO MexaHl13M Ha3hIBaeTC51 npOTOJil1Tl1'!eCKl1M. KoHCTaHThl CKOpOCTl1 B 3TOM 

CJ1Y4ae - ::icpcpeKT11BHh1e: k1 = L)A;A;, k_ 1 = Z:..,k8;B; (rrapa1111e11hHh1e pe-

; i 

aKl(l1l1) . 

CKopocTh o6pa3oBaHJrn rrpoL1yKTos: 

v=É'=k2SH+. 

d[sH+] 
--'=-----= H+ = k1S-k_1SH+ -k2SH+ =O - np1161111)!(eH11e Eo.[leHimeii

dt 
Ha- CeMeHOBa,OTKy.[la 

SH+ = k1S 
k_1 +k2 

Bse.[leM KOHCTaHTY .[111ccou11au1111: 

K 
SH+ SH S+H+, 

S ·H+ 
KsH = e , 

sH; 
r.[le l1H.[leKC e 03Ha'!aeT paBHOBeCHOe 3Ha'!eHl1e. 

Ecn11 Ha cTa.[1~11 a) ycTaHas1111saeTc5! pasHosec11e, TO 

K =!i_- 2,kA;A; 
k - -

-1 2,k8;B; 

SH+ 
__s. 

se 
H+ 

KSH 
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)J,Jlll CKOpocn1 peaKUHH HMeeM: 

- k1k2S - k S V- - H , 
k_1 + k2 

r,l\e 

k1k2 k1H+L,kA;A; 
kH= =-----

k_l +k2 KsH L,kA A; +k2H+ 
I 

EcJIH k_ 1 < < k2, TO k H "" L k A; A; , T. e. cKopocT& peaKUHH nporropuuo-

k 
HaJI&Ha KOHUeHTpauuu KaTaJitt3aTopa. EcJIH )!(e k2 <<Li, TO kH = --2-H+ 

KsH 

reTeporeHHhIH KaTaJIH3 

CKopocT& XHMH4ecKoil peaKUH11 yBeJIH4HBaeTCH rrpu HaJIH4HH rpaHHU 

pa3.lleJIOB cpa3. B peaKUH11 MO)!(HO BhI.lleJIHTh rnrT& cTaJ111il: TpattcrropT BeruecTB 

K rroBepxHOCTH pa3,l\eJia cpa3; aJ1cop6um1; x11Mtt4eCKoe npeBparueH11e; J1ecop6-

um1 rrpO.l\)'l<TOB; .l\HCÌ>CÌ>Y311H BeruecTB OT ITOBepXHOCTl1. 

<l>aKTl14eCKl1 B rrpouecce yqacTB)'lOT oco6&1e yqacTKH ITOBepXHOCTH -

aKT11BH&1e ueHTp&1. Y.lleJI&Hoil rroBepxHOCThIO Ha3&IBaIOT noBepxHOCTh KaTaJIH-

3aTopa B pacqeTe Ha e,l\11Hl1UY MaCChl. 

TipOMOTOpbl - 3TO BeruecTBa, yBeJil1411BaIOIU11e aKTl1BHOCTh KaTaJil13aTopa. 

)J,11cpcpy31151 ormc&rnaeTcH rrepB&IM 3aKOHOM <l>ttKa: j = DVC. 

)J,ucpcpy3uoHH&1il cJioil HepHcTa: 20-50 MKM (o). B J1ttcpcpy3uoHHOM cnoe 

ve= const. 

CKOpOCTh XHMH'IeCKOH peaKUH11 MO)!(HO rrpe,l\CTaBl1Th B Bl1,l\e V= kSCS 

r,l\e Cs - rroBepxttocTHaH KOHUeHTpau11H peareHTa. CKopocT& J111cpcpy3m1: 

dn SD(Cv -C5 ) 
V JlHcjJ. = di = JS "" .>: = s /3 (e V - es ) , 

r,l\e /3 = DI O. 

B CTau110HapHOM pe)!(HMe V= VllH<jl.> T. e. es = Cv k ~ /3 . 

Ecn11 peaKU11H 6&1cTpaH, T. e. k >> /J, TO k,q,. = /J, 11 roBopHT, 4TO peaKU11H 

npoTeKaeT BO BHeurneil Jll1CÌ>CÌ>Y3110HHOH o6naCTl1. EcJJH k << /3, TO CKOpOCTh 

peaKl.(1111 orrpe,l\eJJHeTCH XHMH4eCK11M npeBparuett11eM, H peaKUHH 11,l\eT BO 

BHeurneil Kl1HeTl14eCKOH o6naCTl1. 

Ecn11 J111CÌ>CÌ>Y3HH B rropax 11.l\eT 6&1crpee, qeM x11M11qecKaH peaKUHH, TO 

KOHUeHTpauHH B rropax rrocTOHHHa 11 .rrpHMeptto paBHa Cs. )J,nH MOJleJJ&HOil rro-
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phr (u1rnttH.llP pa)lttyca r 11 )lJil1Hbl 2L) vk = 2JrrLkC'J; (.llJI.!I peaKu1111 n-ro no

p.!i)lKa) . P eaKu1rn: tt)leT BO BHYTpeHHeìi Kl1HeTtt4eCKOH 06nacT11. 

Ecntt )lttcpcpy311.H Me)lJieHHa.H, TO KOHUeHrpau11.H B nope MO)J{eT ynaCTb )lO 

HYJI.H. B 3TOM cnyqae peaKU11.H 11)leT BO BHYTpeHHeì1 )l11cpcpy3110HHoì1 06nacT11 11 

ee CKOpOCTb onpe)leJI.HeTC.!I COOTHOllleH11eM 

n+ I 

VBHyrp.1111cjJ . = Jrr5Jki5c-;1. 

ITyCTb CKOpOCTb peaKl_\1111 MO)J{eT 6hlTb 3an11caHa B Bl1)le V= ni I (vis) , 
r)le vi - cTex110MeTp114ecK11ì1 K03cpcp11u11eHT )lJI.!I peareHTa n,.. ITycTh peaKUl1l!. 

HM eeT B 11.ll 

L,viAi + L.r1B1 L,vfAf + L. r)Bj 

11 npoTeKaeT B O.lll1H 3neMeHTapHb1ì1 aKT. 3.lleCh A,. - BerueCTBa, pear11py10ru11e 

113 a)lcop611poBaHHOro cocTOl!.Hl1l!., B,. - BeruecTBa, pear11py10ru11e 113 o6beM

Hoì1 cpa3hl, A' 11 B' - cooTBeTCTBeHHO npO.llYKThJ. 

B xo)le peaKu1111 4ttcno 3aH.HThJX a)lcop6u110HHhIX uettrpOB yBen11411BaeTC.H 

Ha~ v, T. e. CKOpOCTb peaKU1111 B03pacrneT B Botlv pa3, r)le 9o - )l0JI51 CB060)l-

HOH noBepxHocT11. C411Ta51 9A; "" A,., )lJI.H CKopocT11 np.HMOH peaKu1111 (npoTe

KaIOrueìi cneBa HanpaBo) nony411M 

- _ k- 9 r1 9 r2 9 e. v 8 r1 8 r2 
V - A A ··· 0 I 2 ... , 

I 2 

4TO npe)lCTaBJil!.eT co6oì1 3an11cb 3aKOHa «)leHCTBYIOIUl1X noBepxHOCTeH». 

CooTBeTcTBeHHO, )lJI.!I o6paTHOH peaKu1111 ( cnpaBa ttaneBo) ttMeeM ypaB

HeHtte 

v = k9v,. s·rl A; ... I . .. , 

B KOTOpOM HeT Bot>.v. 

<DepMeHTanrnHhie peaKu.1111 

Cl>epMeHTbl - KaTaJil13aTOpbl 6eJIKOBOH np11pO)lhl, o6na)laIOIU11e BblCOKOH 

cneu11cptt4HOCThlO. no OTHOWeH11lO K cpepMeHTaTl1BHb!M peaKUl1l!.M coe)ll1He

Hl1e, no)lBepra10rueec.H x11M114eCKOMY npeBparueH11IO e yqacT11eM cpepMeHTa, 

Ha3bIBaeTC.!I ero cy6cTpaTOM ( o6hPrnO o6o3Ha4aeTcl!. S). Coe)l11HeH11.H, BJil15!IO

ru11e Ha CKOpOCTb cpepMeHTaTl1BHOH peaKl_\1111, Ha3bIBaIOTCl!. MO)l11cp11KaTopaMl1 

(M); cpe)ll1 MO)l11cp11KaTOpOB BbI)leJil!.lOT 11Hrtt611TOpbl (I), 3aMe)lJI51lOIU11e peaK

Ul1lO, 11 aKT110aTOpb1 (A), ycKOp5!IOIU11e ee. B 3an11c11 x11Mw1ecKoì1 peaKu1111 e 
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Y4acn1eM <f>epMeHTa caM <f>epMeHT o6bI"IHO o6o3tta"!aeTc» 6y1rnoii E (oT attrn . 

enzyme - <f>epMettT). 

0.nHHM H3 nepBbIX MexaHH3MOB <f>epMeHTaTHBHbIX peaK!..(HH 6bIJI Mexa

HH3M Mwxa3JIHca- MettTeH .[(JI» peaKUHH HHBepc1m caxap03bI no.n .neiicTsHeM 

HHBepTa3bl .npmKJKeii: 

k k 
E+S I ES~E+P, (2.2.16) 

k - I 

r.ne ES - KOMnJieKc <f>epMeHTa e cy6CTpaToM (<f>epMeHT-cy6cTparnb1H KOM

nJieKc, <l>CK), p - npo.nyKTbl peaKIIHH . 

Mwxa3JIHC H MettTeH C"IHTaJIH nepsyIO CTa.L\HIO KBa3Hpasttosecttoii e KOH

CTaHTOH paBHOBeCHH (.nwccouwau1m) Ks. BseA51 o603Ha"!eHH» [ES]= X, [ s] = s, 

[E]= e, rIOJIY4HM K s = es . 06bJ"IHO Ha"!aJibHbie KOH1IeHTPa1IHH e0 H s0 C'IH
x 

Ta!OTCH H3BeCTHblMH. Tor.na H3 ycJIOBl1H MaTepHaJibHOfO 6aJiattca HMeeM COOT

HOIIIeHHH e+ X = eo H s +X = So , CJie.[(OBaTeJibHO, 

es (eo -x)s eo 
x-- - ---

- Ks - Ks -1 Ks , 

11 CKOpOCTb peaK!..(HH V pasHa 

k1 eo . 
v= Ks 

l+ 
s 

+
s 

(2.2 .17) 

Epwrrc H XoJI.neiitt pa3BHJIH 6oJiee o6mwii no.nxo.n. B HX MO.[(eJI11 nepsa» 

crn.nw» xapaKTep113yeTc» .nsyM» KOHCTaHTaMH. Tor.na .[(JI» <l>CK 

x = k1 ( e0 - x) s -( k_ 1 + k2 ) x . 

YcJIOBHe CTal..(HOHapHOCTH X= o, fl03TOMY B CTa1IHOHapHOM COCTOHHHH 

k1e0s k2e0s 
x = ( ) , H cKopoCTh pastta v = k k . BseM o6o3Ha'leHH» 

k1 s + k_ 1 + k1 - I + 2 
k1 +s 

k I +k2 vm = kz eo , Km = - k , rIOJIY4HM .[(JIH CKOpOCTH ypaBHeHHe 
I 

v= vm 
l+ Km ' 

s 

(2.2.18) 
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113secTHOe KaK ypasHeHtte M11xa3JI11ca-MeHTeH. CKopocTh peaKu1111 3as11c11T 

OT KOHUeHTpau1111 cy6cTpaTa 11 AByx rrapaMeTpOB - xapaKTepttCTHK AaHHOH 

peaKu1111: Vm - MaKCHMaJihHOH cKopocT11 11 Km - KOHCTaHThI M11xa'.lJittca. Be

Jil14HHa k2 = Vm/eo Ha3bIBaeTC51 4HCJIOM 060pOTOB cpepMeHTa. 

JI11Heap113osaHH&1e cpopMbI ypasHeH115! M11xa'.lJittca- MeHTeH (aHaMopcpo-

3&1) rro3BOJI51IOT nerno orrpeAeJI51Tb KHHeT11<IecK11e rrapaMerpbI cpepMeHTa rpa

cp114ecK11: 

K 
• ~ = _.!!!:_ +-5- - aHaMopcpo3a XeilHca, 

V Vm Vm 

• V= Vm -Km.!:'. - aHaMopcpo3a lfa11-XocpcT11, 
s 

K 
• l = _l_ +_.!!!:_l - aHaMopcpo3a JiailHy11Hsepa- EepKa. 

V Vm Vm S 

3Tl1 sapttaHTbl ypaBHeHHH YA06Hbl H umpoKO HCITOJih3YIOTC51, OAHaKO Aa

IOT 60JihIIIHe oum6KH rrptt orrpeAeJieHHH KHHeTl14eCKHX rrapaMeTpOB cpepMeH

TaTHBHOH peaKUIIH. ropa3AO T04Hee HX MO)!(HO orrpeAeJIHTh rro aHaMopcp03e 

KopH11w-EoyAeH-3il3eHTaJI51 [9]: 

Vm =v+.!:'.Km. 
s 

B '.lTOM cnyqae oueHKY 3Ha<IeHHH Km 11 Vm rroJiyqaIOT rro MeAttaHaM pac

rrpeAeJieH11il HX 3Ha4eHl1H AJI51 Ka)!(AOH T04KH (s,v). 

MoAeJib M11xa'.lJI11ca- MeHTeH BKJIIO<IaeT JIHWh OAHH cy6cTpaT OAHOro 

cpepMeHTa. B o6ll]eM cnyqae cpepMeHT 06pa3yeT e cy6CTpaTaMH 11 JittraHAaM11 

HeKtte KOMrrJieKCbI Ex;, KOTOpb1e rrptt rrpttcoeAttHemm Apyr11x y<IaCTHl1KOB pe

aKu1111 Moryr rrpespaII1aT&C5! s Apyrtte HHTepMeAttaTbI Exj, a Exj MoryT pacrra

AaThC51 e o6pa30BaHtteM Ex;. B 3as11c11MOCT11 OT BHAa n11raHAOB OA11H 11 TOT )!(e 

HHTepMeAHaT MO)!(eT yqaCTBOBaTh B pa3Jil14Hh!X peaKU1151X. KaK 11 B MOAeJil1 

M11xa'.lJI11ca-MeHTeH, 6yAeM C4IITaTh, 4TO JI11M11T11pyIOII1IIMII 51BJI51IOTC51 cTa

AIIII o6pa30BaHH51 rrpOAYKTOB 113 <!>CK. 

Ex-
BseAeM 6e3pa3MepHyIO rrepeMeHHYIO x1 = - 1

- ,j =I, 2, ... , N- 1. TorAa 
Eo 

k 
x- + "v A . u x1- + "vp.Bp . . 1L...,a1 a, k L.... 11 

a; ji /3j 
(2.2.19) 

CKopocTb 113MeHeH115! KOHUeHTpau1111 X; 3a c<IeT )-il peaKu1111: 

I1 V . I1 V/Ji 
xi,} = -kijxi Aaa, +kjixj B /3, I • 

aÌ t /3; I 

(2.2.20) 
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TI va· TI Vp,. 
Bse.ueM o6oJHaqemUI: wiJ = ku Aa.' 11 wJi = k Ji B fJ.' , Tor.ua 

a, 1 /3,· , 

xi,j = wjixj - wijxi . 

TiorIHa51 CKOpOCTb 113MeHemrn KOHl..(eHTpau1111 X; 6y.ueT Tor.ua pasHa 

N N N 

xi= I>i,j = LWJiX.i -xi L wij . 
j# j'l'i j# 

B cTau110HapHoM pe)lrnMe xi = O .UJJ51 scex i , no3TOMY nonyqaeM cne

.uyiomyio CHCTeMy ypasHeH11ì1: 

N 

L wjixj 
j'l'i 

Xi= N 

L:wu 
j'l'i 

Lxi =Eo. 

,[(JJ51 CKOpOCTH o6pa30BaHl151 npO.UYKTOB Tenepb MO)!(HO 3an11caTb: 

v= Lkf·xr' 
i' 

(2.2.21) 

(2.2.22) 

r.ue CYMMHpOBaHHe np0BO)J.11TC51 no COCTOl!HH51M, 113 KOTOpblX o6pa3YJOTC51 npOJlYKTbl. 
,[(JJ51 pe111eHl15! TaKHX Cl1CTeM JJl1HeHHblX anre6pa11qeCKl1X ypaBHeHl1H 

MO)!(HO 11cnonhJOBaTb Teopmo rpa<t>os [8, 9). 

KoonepanrnHOCTh 

CB513h1BaH11e MoneKyJJbI n11raH.ua e <t>epMeHTOM MO)!(HO on11caTb ypastte
m1eM peaKl..(1111 

E+L~EL . 
0603Haqa51 Cl1MBOJJOM B KBa.upaTHblX CK06Kax KOHl..(eHTpaumo COOTBeTCT

symmero semecTsa, 11MeeM: 

[EL]=K[E][L] . 
CTerrettb ttacb1Il(eHH5! Y <t>epMeHTa E n11raH.UOM L orr11cbrnaeTc5! 11JoTepMoì1 

JieHrMmpa: 

Y=~[E_L_]~ 
[E]+[EL] 

K[L] 
I+K [L]. (2.2.23) 



-

112 rnasa 2. <lli113111KO-XlllMlllY8CKllle OCHOBbl on111caHlllSl 6111onor11YeCKlllX ClllCT8M 

3TOMY ypaBHemno no.n;qHHHeTCH, HanpHMep, CBH3bIBaHHe KMCnopo.n.a MH

orno6HHOM, a }:lilli reMorno6HHa rronyi:ia10TCH 6onbrnHe pacxmKAeHHH Me)!(AY 

pactJeToM H AaHHhIMH 3KcnepHMeHTa. B 191 O r. XHnn .n.nH onHcaHHH reMorno-

6HHa npenno)!(HJI MO}:leJib, B KOTOpOH npOHCXOAHT CBH3b!BaHMe n MOJieKyJI llH

raH).la e n MOJieKynaMH 6enKa, o6be).lHHeHHbIMH B on11r0Mep, - TaK Ha3hIBae

MOe KoonepaTHBHOe CBH3bIBaH11e : 

En+nL~EnLn, (2 .2.24) 

r).le Kn - KOHCTattrn pasttoseCHH. C s H3bIBaH11e ClJMTaeTCH npoxOAHJ.JJ;HM s OJ.lHY 

CTa).lHIO. IlpH 3TOM B paCTBOpe MOfYT HaXO).lHTCH OJIHroMepbl pa3HbIX CTerre HeH 

nOJil1MepH3aUHH . TaK )lilli CMeCH MOHOMepoB e ).lHMepaMH (n = 2) CTeneHb Ha

CbIJ.JJ;eHHH 6enKa JIHraH).lOM paBHa 

Y = ÀK2[LJ
2 

+(1 - À)K1[LJ 
1 + K 2 [ L ]2 1 + K 1 [ L J ' 

r,':le À - ).lOJIH AHMepa B pacTsope. )J,nH 6onee AJIHHHbIX noJIHMepos nonYtJa

IOTCH ropa3,':l0 6onee CflO)!(HbJe ypaBHeHHH , fi03TOMY XHJIJI npe).lfl0)!(11fl 11cnonb-

30BaTb 3MnHpH4eCKOe ypaBHeHHe CJie).ly10mero BH).la : 

HJIH ] ~ y = K H [ l r . 

Y= KH [Lr 

l+KH [Lr 
(2.2.25) 

IIponorapmpM11posas nocne).lHee Bbipa)!(eHHe, nonYtJHM ypasHeH11e 

lg (_r_) = lg K H + n lg [ L] , 
1- Y 

o_6bI4HO Ha3bIBaeMoe ypasHeHHeM X11nna . 

(2.2 .26) 

,LJ,sa 3MnHp114e CKHX napaMeTPa 3TOro ypasHettHH - K03 cpcpttuHeHT X11nna 
n H KOHCTaHTa KH - He HMelOT onpen eneHHOro cpH3H4eCKOro CMbICJia, XOTH 

tJ a CTO ClJHTalOT, lJTO n - MHHHManbHOe 411Cll0 l..\eHTpOB CBH3b!BaHHH JIHraH).la 

Ha on11roMepe 6enKa. 06b1tJHO n - He uenoe lJHCJIO. K03cpcpttuHeHT X11nna Ha-

3brna eTCH TaK)!(e noKa3aTene M KoonepaTHBHOCTH. EcnH n < 1, TO rosopHT 06 

«OTpHUaTeJibHOH» KOOnepaTHBHOCTH. 

II03)!(e 6hrno noKa3aHo, lJTO reMorno6HH COCTOHT H3 4-x cy6be).lHHHU. 

J,':lep npe).lflO)!(HJI ClJHTaTb, 4TO CBH3b1BaH11e KHCJIOpO).la e cy6be}:ll1Hl1UaMl1 npo

HCXO).lHT IIOCTa,':lHHHO e pa3Hb1MH KOHCTaHTaMH CBH3b!BaHHH. TaKOH IIO}:lXO).l II0-

3BOJIHeT HCttee nOHHTb CMb!CJI KOOnepaTHBHOCTH: CBH3bIBaHHe JIHraH).la e 0,ll.HHM 

uettTpOM CBH3b!BaHHH rrpHBO).lHT K H3MeHeHHIO KOHCTaHT CBH3b!BaHHH Apyr11x 

l..\eHTPOB 3a C'ieT HX B3aHMO).lettcTBHH (Koorrepal..\HH) J.lpyr e ApyroM. Mo.n,eJib 
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3.nepa, KaK 11 6onee 061.lJ;I-!e MO,[(eJlH KoonepaTHBHOCTH, npHBO.[(HT K .npo6Ho

pau110HaJlhHLIM ypaBHeHH5IM .n= <PYHKIIHH Hach1meHl15!. B o6meM cnY"rne <PYHK

umo HaCh!IUemrn MO)!(HO 3anrrcaTh B BH.[(e 

y = Pm ([L]) 
Qn ([ L])' 

r.ne B qrrcJlHTene H 3HaMeHaTene rrpaBOll qaCTH CT05IT nOJlHHOMhl CTeneHeii m H 

n OTHOCHTeJlhHO KOHL(eHTpaIIHH nrrratt.na, np11qeM m ~ n . 
Ecnrr <PepMeHT rrMeeT pa3Hhie ueHTphI CB5!3hIBaHtt5l LJ.Jl5! cy6crpaTa rr Ka

Krrx-nrr6o JlliraH,[(OB, TO ero Ha3bIBalOT aJ1JlOCTep11qecKHM. JI11raH.[(aMH MoryT 

6h!Th KaK Hl13KOMOJleKyJ15IpHb!e COe,[(ttHeHml, TaK H 6eJlKH. C OC06eHHOCT5IMH 

KHHeTHKH peaKL(Hll e yqacTrreM annocTep111-1eCKHX cpepMeHTOB, KOTOpa5!, BBH.[(Y 

ee CJ10)!(H0CTH, 3.[(eCb He paCCMaTpHBaeTC5l, MO)!(HO 03HaKOMHThC5l no cneu11-

aJlbHOll n11TepaType [9, I O]. 

KirnenIKa cpepMeHTaTHBHhIX peaKQHH 

e Me)J,JieHHhIMH KOHcpOpMaQHOHHhIMH CTa)J,H5IMH 

B HeKOTOpblX cnyqa5lx KHHeTHKa peaKL(HH, CXO.[(Ha5l e KoonepaTHBHOll, 

MO)!(eT 6h!Tb o6ycnOBJleHa He Han11q11eM pa3Hb1X ueHrpOB CB5!3bIBaHl15! cy6cTpaTa 

HJlli n11raH.[(OB, a H3MeHeHHeM CBOllCTB cflepMeHTa B xo.ne peaKL(HH . B lJaCTHOCTH, 

H3BeCTHbl rHcTepe3HCHh!e cflepMeHThI, y KOTOpbIX Ha4aJlhHa5l CKOpOCTb peaKL(HH 

HH)!(e CTal(HOHapHOll. l13BeCTHO TaK)!(e H 5IBJleHHe «Ha4aJlbHOll BCnhIWKH», KO

r.na, Hao6opoT, Ha4aJlbHa5l CKOpOCTh cpepMeHTaTHBHOll peaKL(HH Bb!We CTal(HO

HapHOll. ,Umi onrrcaHH5l TaKHX 5IBJleHHll He06XO.[(HMO yqeCTb pacnpe.neneHrre 

cflepMeHTa no pa3JlH4HhIM COCT05IHH5IM, B03HHKaIOIUHM B xo.ne peaKL(HH, H H3-

MeHeHl15! CBOttCTB ueHTpOB CB5!3hIBaHH5l B )THX COCT05IHH5IX . 

.U= MHorrrx cflepMeHTOB, oco6eHHO KaTaJlH3HPYIOIUHX peaKL(HH e 6onh

WHMH H3MelieHH5!Mli CB060.[(H0ll :rneprrrH, CTa.[(H5l, JlHMliTttpyioma5l CKOpOCTh 

nOJlHOll peaKl(HH, conp5I)!(eHa e M e.[(neHHh!Mli KOHcflopMaIIHOHHhlMH nepecrpoii

KaMH 6eJIKOBoii MaKpOMOJieKYJlhI. Henocpe.ncTBeHHh1ii yqeT TaKoii cTamm rrp11 

BhlBO,[(e ypaBHeHH5l .[(Jl5l CKOpOCTH cflepMeHTaTHBHOll peaKL(HH IT03BOJ15leT nony

lJHTb 6onee 06m11e Mo.nen11 cflepMeHTaTHBHhIX npoueccos, 4eM B c11cTeMax e 

.[(HCKpeTHblMH (paBHOBeCHblMH HJlH CTa!IHOHapHhIMH) COCT05IHH5IMH cflepMeHTa. 

BnepBhie yqeT BJ1115IHH5l Me.[(neHHhIX cTa.[(rrii KoHcflopMa!IHOHHhIX rrpespameHttii 

MOJleKynhI 6enKa Ha KHHeTHKY cflepMeHTaTHBHOll pt;aK!IHH 6brn npose.neH 

H. 11. CH.[(opeHKO 11 B. H. )J,emepescKHM. B 11x Mo.nenrr c411rnnoch, 4TO pacrra.n 

<l>CK B 0,[(HOcy6cTparnoii 0,[(HOcflepMeHTHOll peaK!IHH rrpHBO,[(HT K o6pa30BaHHIO 

CB060.[(HOro <ìJepMeHTa B HepaBHOBeCHOM KOHcflopMal(HOHHOM COCT05IHHH, KOTO

poe Me.nneHHo penaKcrrpyeT K pasHosecHOMY cocT05IHHIO. ITprr JTOM peaKUHOH

Ha5l crroco6HocTb cflepMeHTa HerrpepbIBHO 3aBHCHT OT CTeneHH OTKJlOHeHH5l ero 

KOHcflopMaurr11 OT paBHOBeCHOro COCT05IHH5l. YpaBHeHHe .[(Jl5l CKOpOCTH peaK!IHH, 
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IIOJI)"Iettttoe .[lemepeBCKHM 11 C11.uopeHKO, np11ro.utto .UJill on11catt11ll ropa3.uo 

6onee umpOKOro KJiacca cpepMeHTaTHBHbIX peaKUHH, '!eM 3TO B03M0)!(H0 B IIpH-

6JIH)!(eHHH pa3)'MHOro 'IHCJia ,UHCKpeTHblX npoMe)!(yrO'IHbIX COCTOl!HHH. 

B 6onee o6meM CJI)"Iae tta.uo nonaraTb, '!TO npoueccb1 penaKcau1111 11 CB0-

60.uttoro cpepMeHTa, H <l>CK K paBHOBeCHblM COCTOl!HHl!M MOryr 3aHHMaTb 

cpaBHHMhie BpeMetta. Mo.uenb cpepMeHTanrnttoì1 peaKUHH e )"IeTOM TaKHX 

Me,UJieHHb!X npoueccoB KOHcpOpMaUHOHHOH penaKcaum1 6bIJia pa3Bl1Ta HaMH 

Ha octtoBe pa6oThI Cll.uopettKo l1 .[lemepeBcKoro. 

Ey,neM C'IHTaTb, 'ITO OTKJIOHeHHll KOHcpOpMaUHH MaKpOMOJieKyJibl CB06o.u

HOfO cpepMeHTa H <l>CK OT paBHOBeCHb!X COCTOl!HHH MO)!(HO Olll1CaTb 0606-

ll]eHHblMH «KOHcpopMaUHOHHblMH» KOOp.UI1HaTaMH y H X COOTBeTCTBeHHO. 

Y.uo6tto C'IHTaTb TaK)!(e, 'ITO 3TH nepeMeHHbie np11Hl1MaJOT 3Ha'!eHHll B HHTep

Bane OT o IIpH MaKCHMaJibHOM B03MyIUeHHH .uo 1 B paBHOBeCHOM COCTOllHHH 

(B006ll]e roBOpll, OHH Moryr 6h!Tb H BeKTOpHb!MH BeJIH'IHHaMH.) :::ho Il03BOJill

eT BBeCTH JlHHeHHYIO IIJIOTHOCTb KOHUeHTpaUHH HepaBHOBeCHblX COCTOl!HHH 

<l>CK c,(x, t) H CB060,UHOro cpepMC::HTa C2(y, t) TaK, 4T06bI KOHUeHTpaUHll <l>CK e 

KOOp,UI1HaTOH B HHTepBaJie (x, X+ L\x) 6brna paBHa C1(x, t)L\x, a KOHL(eHTpaUHll 

CB06o.uttoro cpepMeHTa B .u11ana3otte (y, y + ~y) - c 2(y, t)~y. Ha pI1CyttKe 2.2.l 
npe.ucTaBJieH rpacp peaKL(HH, T. e . cxeMaTH'!eCKH l1306pa)!(eHbl BCe B03M0)!(Hble 

CBll3H Me)!(.uy yqacTHHKaMH peaKL(HH. 

s 

K1·Es 

P1o1c. 2.2.1. CxeMa qiepMeHrnrnsHoiìi peaKuHH e yYeTOM M8AJ18HHblX KOHcPOpMau1ttoH

HblX Vl3MeH8HHIÌi MoneKynbl 6enKa. E - KOHl..l8HTpauHH CB060P,HOro paBHOB8CHOro 

ctiepMeHra; Es - KOHl..l8HTpauviH paBHOB8CHOro ct>CK; C1(X, t), C2(y, t) - IlHH81ÌiHble 

nnOTHOCrn KOHl..l8HTpauviiìi HepaBHOB8CHOro <l>CK VI CB060P,HOro ctiepMeHTa COOTBeT

CTBeHHO; k1(x, y) H k2(y, x) - KOHCTaHTbl CKOpocreiìi pacnap,a HepaBHOB8CHOro ct>CK H 

CBH3blBaHHH cy6crparn HepaBHOB8CHblM CB060P,HblM ctiepMeHTOM; K1, K2 - CKOpOCTVI 

pacnap,a paBHOB8CHblX ct>CK H CB060P,HOro ctiepMeHra; P, s - KOHl..l8HTpau1111tt npo-

p,yKTa H cy6crpara 
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HepaBHOBeCHh!H <DCK B COCTORHl111 X MO)!{eT pacrra,naTbCR Ha rrpo.nyicr p 11 

cpepMeHT B COCTORHl111 y e KOHCTaHTOH CKOpOCTl1 peaKUl111 k1(X, y). Cso6o,nHh!H 

cpepMeHT B COCTORHl111 y MO)!{eT rrp11coe,nH~Th cy6crpaT S, o6pa.3yR <DCK B co

CTORHl111 X e KOHCTaHTOH CKOpOCTl1 peaKUHH ki(y, x). B Ka~OM HepaBHOBeCHOM 

COCTORHl1H e KOOp,nuHaTOH X <DCK HMeeT KOHe'IH}'IO CKOpOCTh .I:IBl1)!{eH~ no KOOp

.I:l11H3Te W1(x), a CBo6o,nHhlH cpepMeHT B COCTORHHH y - KOHe'IH}'IO CKOpOCTh pe

Jl3KC3Ul1H w2(y) K pasttosecttoMy cocTORHl1IO (y = I). IIpe.nrronaraeTCR, qTo csoii

crna <DCK, o6pa.30BaHHOfO HepaBHOBeCHh!M 11 peJiaKCHp}'IOW:HM cpepMeHTaMl1, 

0.1:111HaKOBhl, 11 11CKJIIO%eTCR CJiyqaii pacrra.na <DCK 6e3 o6pa.30B3Hl1R npo.nyicra. 

lfaMeHeH11e Jl11HettHOH ITJIOTHOCTl1 KOHUeHTpau1111 <DCK B COCTORHl111 X 

OITl1ChIBaeTCR K11HeTuqeCKHM ypaBHeH11eM 

0 0 I I 

-c1(x,t)=--(c1(x,t) ·w1(x))-c1(x,t}j k1(x,y) dy+S-f k2(y,x)·c2(y,t) dy, ot ox 
0 0 

B KOTopoM rrepsoe cnaraeMoe B rrpasoii qacT11 ypasHeHHR pasHo H3MeHeH1110 

ITJIOTHOCTl1 KOHUeHTpauu11 <DCK 33 cqeT ITOTOKa pe11aKCttpy10mux KOMITJieKCOB, 

BTOpoii 11 TpeTHH qJieHbl paBHhl CKOpOCTl1 pacrra.na Il o6pa30BaHHR HepaBHO

BeCHOro <DCK B COCTORHHH X COOTBeTCTBeHHO. 

lfaMeHeHue KOHUeHrpauuu paBHOBeCHOfO <DCK (Es) paBHO pa.3HOCTH ITOTOKa 

penaKCHpyromero <DCK H3 COCTORH~ X= 1 Il CKOpOCTH pacrra.na <DCK (K1Es): 

d Es (t) 
------;;-{ = W1 (1) · Ct (1, t)- K1 ·Es , 

r.ne K1 - ITOCTORHHaR CKOpOCTl1 pacrra.na paBHOBecHoro <DCK. 

YpaBHeH11R ,nnR KOHUeHTpauuu paBHOBeCHoro cso6o.nttoro cpepMeHTa u 

JIHHettHOH ITJIOTHOCTl1 KOHUeHTpauu11 pe11aKc11py10mero cpepMeHTa BhIBO,nRTCR 

aHanor11qHo. TaK11M o6pa.30M, c11cTeMa KttHeT11qecK11x ypaBHeH11ii, orr11cbrna10-

W:M .naHHYIO MO,neJib $epMeHT3Tl1BHOH peaKU1111, 11MeeT Bl1.I:I 

0 0 
I I 

-c1(x,t)=--(c1(X,t) · W1(x))-c1(x,t)-f k1(x,y) dy+ s-f kz(y,x) ·Cz(y, t) dy, 
~ . h o o 

(2.2.27) 

0 0 
I I 

-c2(y,t) =--(c2(y, t)· w2(y))+f k1(x,y)·c1(x, t) dx-S ·c2(y,t) f k2(y,x) dx, 
~ ~ . o o 

dE(t)_ (l)·c (lt)-K2 ·E(t)·S, -----W2 2 ' 
dt 

d Es(t) = W1 (l)·c1 (l,t)-K1. Es(t) . 
dt 

(2.2 .28) 

(2 .2.29) 

(2.2 .30) 
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00JJHa51 KOHUeHTpaI .. U·151 cpepMeHTa B Te'lett11e BCeH peaKl..\1111 OCTaeTC51 no

CT051HHOH: 

I I 

E0 = E(t)+Es(t)+ f c1(x,t) dx+ f c2 (y,t) dy. (2.2.31) 
o o 

Bb16op KOHKpeTHoro BM):(a cpyttKl..\MH CKOpOCTH penaKcau1111 W1(x), W2(y) 11 

noCT051HHb!X CKOpOCTeii peaKl..\1111 k1(X, y), k2(y, x) 3aBl1Cl1T OT CBOHCTB cjJepMeHTa 11 

peaKU110HHOH cpe):(bl. lbseCTHO, lJTO aKTl1BHOCTb MHOr11x cjJepMeHTOB 3aB11Cl1T OT 

pH cpenb1, TeMneparypb1, nasnett11J1, sttewttero 3JieKTPl1'lecKoro 11n11 Martt11Tttoro 

ITOJUI 11 T. n., 1103TOMY B o6meM c.rryrne COOTBeTCTB)'IOil..\11e cjJyHKl..\1111 nomKHbl co

nep)!(aTb pHn napaMeTpOB, )"-111Tb!Ba!O!ll11X pa3Jil1lJHbie BHeWH11e B03):(eHCTBl1JI Ha 

Cl1CTeMy. KpoMe Toro, OHl1 MOryT 11 51BHO 3as11ceTb OT speMeHl1, eCJil1 CTapett11e 

cjJepMeHTa OKa3bJBaeT BJil1JIHJ1e Ha ero KaTaJil1Tl1lJeCK11e xapaKTepMCTl1Kl1 . 

Ilp11 Bb16paHHblX xapaKTep11cT11lJeCKl1X <PYffKl..\ID!X MO):(eJ111 k1(x, y), k2(y, x), 
w 1(x), w2(y) pewett11e c11cTeMbI ypasttett11H: rro3BOJI51eT 01111cbrnaTb rrosenett11e 

<PepMeHTaTl1BHOH aKTMBHOCTl1 BO BpeMeHM e yLieTOM BHeWHl1X B03):(eHCTBl1H. 

,lJ,AA 3KCrrep11MeHTaJibHO 113MepeHHblX MaKpOCKOl111'IeCKl1X BeJll1lJl1H, ttarrp11Mep 

3aBl1Cl1MOCTl1 CTal..\MOHapHOH CKOpOCTl1 peaKl..\11l1 OT KOHl..\eHTpaUMM cy6cTPaTa, 

MO)!(HO rrono6paTb 110CT051HHble CKOpOCTM peaKl..\l1l1 l1 CKOpOCTM penaKcau1111, 

Hal1JI)"-IWl1M o6pa30M arrrrpOKCl1Ml1PYJO!lll1e naHHble 3KCrrep11MeHTa, T. e . pe

UJMTb o6paTttyJO 3ana'ly. 

3aB11Cl1MOCTb CKOpOCTM CTau11ottapHOH peaKU11l1 OT KOHl..\eHTPal..\1111 cy6cTPaTa 

orrpeneJIMM ):(Jl51 LiaCTHOf'O CJl)"-IM Haweii Cl1CTeMbI. IlpenrrOJIO)!(J1M, LITO cso6on

Hb!H <PepMeHT 113 cocTOHHIDI e mo6bIM 1ttaLiett11eM y, CB513bIBM cy6cTPaT S, scema 

o6pa3yeT <l>CK B COCT051Hl111 X = O, 11 llOCJie pacnana <l>CK 113 COCT051H1151 X scerna 

rrorranacr s cocT0Htt11e MaKC11MaJibHOro ynanett11J1 oT pasttosec1151 (y = O). 
,lJ,AA 110CT051HHblX CKOpOCTeH peaKl..\1111 MMeeM: k1(x,y) = k1(x), k2(y, x) = k2(y). 

Torna rrepsoe 11 BTopoe ypastteHl1JI c11cTeMh1 YTPaLI11saJOT tteJ111HeHHhie LIJieHbI: 

ò ò . -c1 (x,t) = --(c1 (x,t) · w1 (x))-k1 (x)·c1 (x,t), (2.2.27) 
Òt òx 

a a a/2 (y,t) = - ay ( C2 (y,t). W2 (y ))-s . k1 (y) . C2 (y,t). (2.2.28') 

B CTal..\110HapHOM CJI)"-lae, Korna Bee JieBble 4aCTl1 CMCTeMbl ypaBHeHl1H 

o6pa!llaJOTC51 s HYJib, cKopocTb 06pa3osatt115! nponyKrn pastta 

I 

F=K1· Es+fk1(x)·c1(x,t)dt. 
o 

(2.2.32) 

00):(CTaBJl5151 ttaiineHHble 113 ypaBHeHl1H (2.2.27') 11 (2.2.28 ') 3Ha4eH1151 Jll1-

HeHHbIX llJIOTHOCTeH KOHUeHTpauMii HepaBHOBeCHb!X <l>CK 11 cso6onttoro <Pep-
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MeHTa B (2.2.30) 11 (2.2.29) COOTBeTCTBeHHO, HaX0.[(11M crnu11ottapHbie 3Ha'Ie
H115! KOHueHT}Jau11ì1: paBHOBeCHhIX <DCK (Es) 11 cpepMeHTa (E). 3aMe4a5!, 'ITO 
cyMMapHa5! no BCeM COCTOJIHl15!M CKOpOCTh pacrra.na <DCK paBHa KOll11'IeCTBY 
cpepMeHTa, B e.n;11tt11uy speMeHl1 B03Bpa11.1a1011.1eMyc51 B CB060.n;Hoe COCT05!Hl1e, 11 
11CIIOllh3Y5! ycnos11e IIOCT05!HCTBa rronHOH KOHUeHTpau1111 cpepMeHTa, rronyqaeM 
.[(fl5! CTau11ottapHOH CKOpOCTl1 peaKu1111: 

P=---------~~--------
f
1 exp(-S · /J(y)) exp(-S · /J(!)) fl exp(-a(x)) exp(-a(!)) ' 
----dy+ + dx+--~ 

O W2 (y) K2 ·S O Wi (x) K1 

(2.2.33) 

r.ne sse.n;etthI o6o3Ha4ett115!: 

X k, ( Z) y k2 ( Z) 
a(x)= f-(-)dz, P(x)= f-( )dz . 

OW\Z 0W2Z 

Ecn11 cKopocT11 penaKcaum1 cso6o.n;ttoro cpepMeHTa 11 <DCK Mttoro 6onhll!e 
COOTBeTCTBY!Oll.111X IIOCTOJIHHhlX CKOpOCTCH peaKU1111 CB5!3bJBaHl15! cy6cTpaTa 11 
o6pa30BaHl15! npo.n;yKTa, TO Bb!pa)!(ett11e .[(JI5! CKOpOCTl1 CTau11ottapHOH peaKu1111 
rrp11H11MaeT Bl1.[( 

P= K1 ·Eo ·S 
K __ I +S 
K2 

(2 .2.34) 

B .n;aHHOM s11.ne otto, ecn11 npette6pe4b pacnanoM <DCK 6e3 06pa3osatt115! npo
J:\YKTa (k_, = O), e T04HOCTh!O no o6o3Ha4ett11ì1 cosrra.naeT e Bh1pa)!(em1eM .n;n51 
CKOpOCTl1 CTau11ottapttoì1 nsyxcTan11ì1HOH cpepMCHTaTl1BHOH peaKu1111, np0Te
Ka1011.1eì1 no Mexatt113MY M11xa:m11ca-MettTett: 

E+S k, ES~E+P, 
k -I 

k2 ·Eo ·S 

v= k_1 +k2 +S 

k1 

0TKnOHeHl1JI OT K!1HeTl1Kl1 M11xa:Jn11ca-MeHTeH COCTaBn5!!0T CKOpee npa
s11no, qeM 11CKnf04eH11e . .[{JI5! on11caHH5! TaKl1X OTKllOHeHl1H o6b!'IHO npenrrona
ra!OT Han11q11e annOCTep114eCKl1X CBOHCTB cpepMeHTOB, 11n11 CYll1eCTBOBaH11e y 
MaKpOMoneKynhI tteCKOnhKl1X CBJI3h1Baf011.111x uettTpos. Bo scex TaK11x cnyqa51x 
pell!CHl1CM Cl1CTeMbl Kl1HeTl14eCKl1X ypaBHeHl1H 6yner HeKa5! npo6HO-pau110-
HallhHa5! <l>YHKUl15!. 

8bl5!CHeH11e Toro, KaKOH MexaHl13M Ha caMOM nene pean113yeTC5! B TOH 11n11 

1111oì1 peaKu1111, npencrnsn51er co6oì1 .nosoJihHO cnO)!(HYfO 3a.n;a'Iy. Tipe.nnono)!(MTh 
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cyrueCTBOBam1e Me)l;JieHHhIX peJiaKCa!JHOHHhlX CTa)l;HH B KHHeTHKe cpepMeHTa

THBHOH peaKUHH MO)!(HO Ha OCHOBe aHaJIH3a 3aBHCHMOCTH cpepMeHTaTHBHOH aK

THBHOCTH OT speMeHH. LJ:m1 HeCTaUHOHapHoro CJIY'.Ja.!I perneHHe CHCTeMhI ypas

HeHHH MO)!(eT 6h1Th nerKo Hatt)l;etto, ecJIH s cHcTeMe cy6CTpaT rrpHC}'TCTByeT s 

H36hJT04HOH KOHUeHTpaUHH. IlpHMem1ll npeo6pa30BaHHe Jlarrnaca KO BCeH CHC

TeMe (2.2.27'), (2.2.28'), (2.2.29)-(2.2.31) e yqeTOM Hal!aJihHhIX YCJIOBHH 

Es (O) = c 1 ( x, O)= cy (y, O)= O, E (O)= E0 H perua.si rronyqHsruyioc.si CHCTeMy 

)l;JI.!I o6pa30B TaK )!(e, KaK H B CTaUHOHapHOM cnyqae, IIOJI}'l!HM )l;JI.!I opHrHHaJia 

CKOpOCTH HaKonneHHM npo.1l;yKTa v(t) CYMMY nocTO.!IHHOro cnaraeMoro, pasttoro 

CKOpOCTH CTa!JHOHapHOH peaK[(HH (2 .2.33), H p.si)l;a 3KCIIOHeHT, noKa3aTeJIH KO

TOph!X .!IBJill!OTCll KOpH.!!MH xapaKTepHCTHl!eCKOro ypasHeHHll, o6pamaIOIUHMH B 

HYJlh 3HaMeHaTeJih B Bhipa)!(eHHH )l;Jlll o6pa3a CKOpOCTH peaKUHH. 

CKopoCTh KOHcpopMaUHOHHOH penaKCaUHH MO)!(eT 6hITh O'-leHh qyscTBH

TeJihHa K npHCYTCTBH!O pa3JIH4HhlX semeCTB, BJIH.!IIOIUHX Ha KOHcpopMa!IHOH

HY!O ycTOH'-!11socTh 6enKa, s '-!aCTHOCTH M0.1l;11cp11KaTopos B0.1l;Op0.1l;HhIX CBll3eì1, 

nI.1l;pocpo6HhlX B3al1MO)l;eHCTBl1H 11 T. n. Ilo3TOMY B paMKax npe)l;JIO)!(eHHOH MO

)l;eJIH TaK11e BJIHllHH.!I nerKO yqeCTh. 

HaMH 6hrn o6Hap}')!(eHO, l!TO n!)!(eJia.!I BO)l;a (D20) B MaJihIX KOH[(eHTpaUH.!IX 

(< I % no o6beMy) OKa3hrnaeT aKTHBHpyiomee )l;ettcTsHe Ha Na,K-AT<l>aJy, a s 

6onhruHx KOHUeHTpa!JHMX - HHrn6HpyioIUee. B nocne)l;Hee speM.si o6Hap}')!(eHo 

MHO)!(eCTBO 3cpcpeKTOB MaJihIX KOHUeHTpaUHH 6HOJIOrH4eCKH aKTHBHhlX coe)l;H

HeHHH B pa31IH'-!HhIX npoueccax Ha KJieTO'-!HOM H MOJieKyJillpHOM ypOBH.!IX. 0.[(HO 

H3 o6bllCHeHHH 3THX 3cpcpeKTOB OCHOBaHO Ha .!IBJieHHH napaMeTpH'-leCKOro pe30-

HaHca, o6ycJIOBJieHHOro Me)l;JieHHOH penaKcauHeH 6eJIKOBOH MOJieKyJihl B XO)l;e 

cpepMeHTaTHBHOH peaKUHH H cosna)l;eHHeM cpe)l;Hero speMeHH Me)!()l;y CTOJIKHO

BeHHSIMH MOJieKyJihl cy6cTpaTa HJIH MO)l;HcpHKaTopa e COOTBeTCTBYJOIUHM ueH

TpOM CB.!13h!BaHHSI e onTHMaJihHOH npO)l;OJI)!(HTeJihHOCThIO !JHKJia cpepMeHTaTHB

HOH peaKUHH. Ilpe)l;JIO)!(eHHa.si Bhillle MO)l;eJih cpepMeHTaTHBHOH peaKUHH npe.1l;OC

Tas1I.!leT cyrueCTBeHHO 60Jihllle B03M0)!(H0CTeH )l;JI.!I B03HHKHOBeHH.!I IIO)l;06Horo 

pe30HaHca, HanpHMep 3a C'-!eT COKpaIUeHH.!I speMeHH UHKJia nptt HeJIHHeHHhIX 

3aBHCHMOCTllX KOHCTaHT CKOpocTeH rrepeXO)l;OB HJIH CKOpOCTeH KOHcpOpMa[(HOH

HOH peJiaKCaUHH OT o6o6meHHhlX KOHcpOpMaUHOHHhlX KOOp)l;HHaT. 

PaccMOTpettttall Bbillle MO)l;eJih cpepMeHTaTHBHOH peaK!IHH e Me)l;JieHHhIMH 

penaKCaUHOHHhlMH CTa)l;lrnMH MO)!(eT 6hITh JierKO a)l;ann1posaHa K OnHCaHHIO 

nose)l;eHHSI JII06hIX CJIO)!(HhlX CHCTeM, a He TOJihKO <PepMeHTHhlX. 

2.3. X11MirqecKoe paBHOBec11e 

TepMO)l;HHaMH'-leCKHe CHCTeMhl, B 3aBHCHMOCTH OT Toro, CO)l;ep)!(aT OHH 

IIO)l;CHCTeMhl HJIH HeT, no.1l;pa3.1l;eJI.!IIOTC.!I Ha reTeporeHHhJe H roMoreHHhle. Ilo)l;

CHCTeMhl npHHllTO Ha3hIBaTh cpa3aMH (CM. pa3)l;eJI 2.4), II03TOMY roMoreHHhie 

CHCTeMhl O)l;HQcpa3Hhl, a reTeporeHHhie CO)l;ep)!(aT )];Be HJIH 6onee cpa3. B 3aKphl-
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Th!X roMoreHHhIX CHCTeMax H3MeHeHHe llJiCJJa H THIIOB qacTHU B03M0)1(H0 TOJlh

KO 3a cqeT XHMHqeCKHX rrpespameHHH, KOTOpble rrpoHCXOMT ,UO ,UOCTH)l(eHH51 

CHCTeMOH paBHOBeCHOfO COCT051HH51. PaBHOBeCHOMY COCT051HHIO COOTBeTCTByeT 

MHHHMYM CB060,UHOH :rneprnH fH66ca (MaKCHMYM 3HrponHH, CM. pa3,UeJJ 2.1), 
KOTOpblH H 51BJ151eTC51 KpHTepHeM ,UOCTH)l(eHH51 CHCTeMOH paBHOBeCH51. 

EcJJH B CHCTeMe B03M0)1(Hhl XHMJ.IqecKHe peaKl(HH, HX rrpHH51TO 3aIIHChl

BaTh B BH,Ue cpopMyJJhl (2.2.1): 

m m 

L Vr;A; -+ L V~;A; , 
i= l i=l 

r,ne m - qJiCJJO KOMIIOHeHTOB CHCTeMhl, vri- H v;; - CTeXHOMerpHqeCKHe K03cp

cpmi:HeHThl ( Vri, v;; 2 O), A; - XHMHqecKHe CHMBOJlhl KOMIIOHeHTOB CHCTeMhl, 

HH,UeKc r cooTBeTcTByeT HOMepy 3JJeMeHTapHOH peaKUHH. CocT051HHe pasHosecH51 

CHCTeMbl xapaKTepH3yeTC51 paseHCTBOM CKOpOCTeH IIp51MhlX H o6paTHhIX peaKUHH, 

B pe3YJibTaTe qero cpe,nm1e 3HaqeHH51 KOHUeHrpaUHH KOMIIOHeHTOB B CHCTeMe 

CTaHOB51TC51 IIOCT051HHhIMH. IlpH OIIHCaHHH COCT051HH51 paBHOBeCH51 TaKOH CHCTe

Mhl MO)l(HO HCIIOJlh30BaTh arrrrapaT paBHOBeCHOH TepMO,UHHaMHKH . 

.ll:JJ51 1IpHpameHH51 CB060,UHOH 3HeprnH fH66ca CHCTeMbl MO)l(eM 3aIIHCaTh'. 

dG = -SdT +V dP + L J.l;dN; , (2.3.1) 

r,ne µ; - XHMHqeCKHH IIOTeHuHaJJ i-ro KOMIIOHeHTa, dN; - H3MeHeHHe qHCJJa 

qacTHU i-ro KOMIIOHeHTa s ,naHHOM pasttosecHOM rrpouecce . CqHTa51 TeMrrepa

TYPY T H ,nasneHHe P rrocT051HHhIMH, rroJJyqaeM : 

dG = L J.i;dN; . (2.3.2) 

IlocKOJihKY 

G = LJ.i;N; (2.3.3) 

H dG = LJ.i;dN; + LN;dJ.i;, TO 

LN;dJ.i; =0. (2.3.4) 

Ilocne,nttee ypasHeHHe Ha3hIBaeTC51 ypasHeHHeM fH66ca- .D:IOreMa. 

B (2.3.3) COMHO)l(HTeJJH B rrpaBOH qacTH 3aBHC51T OT ç, 1103TOMy, rrpo,UHcp

cflepeHuHpOBaB 3TO paseHCTBO 110 XHMJ.IqecKOH rrepeMeHHOH, noJJyqHM '. 

dG '°' dN. '°' dµ· '°' 
dç = ~J.l; d; + L:-N; d; = ~Yr;J.l;, 

l ':> l ':> l 

(2 .3.5) 
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rne y•neHo ypasHemte fw66ca-.[{10reMa H orrpeneneHwe XHMH'ieCKOH rrepe

MeHHOH (2.2.1 a). YcJIOBHIO paBHOBeCml COOTBeTcTByeT MHHHMYM CB060).\HOH 

dG 
:rneprHH fw66ca, TI03TOMY ).\OmKHbl Bb!TIOJIH.S!TbC.SI COOTHOWe HH.SI - =o H 

dç 

d 2G 
-- > O . BenHT-mHa 
dç2 

A= -(~~l,P (2.3.6) 

Ha3hIBaeTc.SI cponcrnoM XHMH'iecKoif peaKUHH. CocTO.SIHHIO paBHOBectt.si cooT

BeT crnyeT A = O. Ilptt A > O peaKuw.si w,neT cnesa Harrpaso, a npw A < O - B 

o6paTHOM HanpaBJieHHH. 

3aBHC11MOCTb Xl1M11'ieCKOro TIOTeHQHaJia OT KOHQe HTpau1111 qacTHU B cny
qae 11neaJibHOro ra3a 11MeeT 011.n 

µi= µjo + RTlnci = µf + RTlnlj (2.3.7) 

r.ne C; - MOJI.S!pHa.SI KOHUeHTpaUH.SI KOMITOHeHTa, P; - ero napu11aJibHOe ).\aB

JieH11e; BeJil1'!11Hbl µj 0 
H µf - CTaHnapTHbJe XHMH'ieCKHe TIOTeHUHaJibl, .SIB

JI.SllOll.lHeC.SI cjiyHKl(H.SIMl1 TeMnepaTypbl H 3as11c.sim11e OT e,D;l1HHU H3MepeHH.SI 

nasneHl1.SI 11 KOHUeHrpaUH11 . 

B cnyqae He11neaJihHblX CHCTeM BMeCTO KOHQeHTpau11if 11 ,naBJieHHH CJie

nyeT H CI10Jl h30BaTb aKTl1BHOCT l1 a; H JieTyqecTH f; COOTBeT CTBeHHO, KOTOpb!e 

CB.SI3aHhl e KOHQeHTpau11.siM11 11 ).\aBJieHH.SIMH cnenyIOIUHMH COOTHOllleHH.SIMH: 

ai = Y;Ci , (2.3.8) 

fi = r[Jf, (2 .3.9) 

rne ·Yi H yj - K03cjicji11u11eHTbl aKTHBHOCTH, 3a BHC.Slll.lHe OT TeMnepaTypbl, KOH

ueHrpa UHH 11 ).laBJieHHH KOMITOHeHTOB CHCTeMhl. Ko3cjicjiHU11eHTbl aKTHBHOCTH, B 

3asttc 11MOCT11 OT T11na pelllaeMhIX Jana'i, npHHHMaIOTC.SI paBHhIMH 1 n1160 B rrpe

nene H113KHX KOHUeHTpau11i1, JI1160 ).\JI.SI 'iHCTOro KOMTIOHeHTa CHCTeMbl. 

TaKHM o6pa3oM, Bb1pa)l(ett11.si J.\JI.SI x11MH'iecKoro n0Tettu11ana HewneaJihHhIX 

CHCTeM OKa3bJBalOTC.SI cjiopMaJi b HO TaKHMH )!(e, KaK ).\Jl.SI H).\eaJihHbIX: 

µi = µf + RTln fi (2.3.10) 

).\Jl.SI ra30B 11 

- o µi - µi + RTlnai (2.3.11) 
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,Umi pacrnopoB. ylJ (2.3.5) 11 (2.3.6) MO)l(HO rrony1rnTh: 

A= - LYriµi = -tirG · (2.3.12) 

Benwrntta tlrG Ha3hIBaeTC» 113Mettett11eM CB060,UHOH :mepr1111 f1166ca B ,UaH

HOH peaKutttt. PaccMOTpl1M cttcTeMy, cocrn»myio 113 cMectt tt)leaJJhHhIX ra30B, rro

CKOJJhK)' ,Umi peaJJhHhIX CllCTeM B ITOJJ)"-leHHhIX cpopMynax )lOCTaTO'IHO 3aMeHl1Tb 

,UaBJJeHIDI Ha neryqecTtt llJll1 aKTttBHOCTl1. ITycTh B tteH rrpoTeKaer peamtt» 

LaA l:j31B1 , (2.3.13) 
i i 

r,Ue A; li B1 - 11cxo,UHhie peareHThI 11 rrpo,UyKThl peaKutt11 cooTBeTcrneHHO. 

113 (2.3.12) 11 (2 .3.7) CJJe,UyeT, 'ITO 

tirG = L,/31µ~1 -L,a;µ~; +RT(L,/31 1nPs1 - 'L,a; lnPA;l = 
J l J l 

np/JJ 
B 

• J 

= tirGo +RTln 1 , (2.3.14) 
npa; 

A; 
i 

r,Ue tirGo - CTaH,UaprnaH 3HeprttH f1166ca ):(JJH 3TOH peaKl.(11ll. B 3TOM COOTHO

weHllll Bee ):(aBJJeHl1H - OTHOCl1TeJJhHh!e, T. e. HOpM11pOBaHhl Ha I 6ap 11Jll1 

1 aTM , rrptt'IeM BO BTOpOM CJJaraeMOM 3TO )laBJJeHllH B Ha'IaJJe peaKI.(1111. 

Tiptt ,UOCTl1)1(eH1111 paBHOBectt» tlrGo = O, T. e . 

ntA 
B; 

l i , ti Go= -RT n ITfP; 
r A; 

(2 .3.l 5) 

r,Ue 3HaK «T11Jlh.lla» o603Ha'IaeT paBHOBeCHOe 3 Ha'IeH11e. '.:ho COOTHOilleHtte 

np11HHTO 3aflllChJBaTh B Bl1):(e 

o tirG =-RTlnKp, (2.3 .16) 

r):(e Kp Ha3hIBaeTC» TepM0):(11ttaMtt'IeCKOH KOHCTaHTOH paBHOBec11» . Ecntt 6h1 

XHMl1'IeCKllH ITOTeHuttaJJ Ka)l(,UOro KOMITOHeHTa 6brn Bh!pa)l(eH qepe3 MOJlhHhle 

):(OJIH (x) 11Jlll MOJJHpHb!e KOHl(eHTpau1111 (e), TO ITOJJ)"-lllJll1 6b1 KOHUeHTpauttoH

Hble KOHCTaHThl paBHOBeC11H, KOTOpb!e CBH3aHbl e TepMO.lll1HaMH'IeCKOH KOH

CTaHTOH COOTHOilleHllHMll (tlJJH ttneaJJhHOro ra3a) 

Kp = K pD.v 
X (2.3.17) 
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H 

Kp =Kc(RT)t!.v, (2.3.18) 

r.ue P - o6mee .uasneHHe a c11cTeMe, Clv= Lf3j - La; . )1,mr H.ueaJJbHOro ra-

j 

3a Kp 3aBHCHT TOJlbKO OT TeMrreparypbl, a .UJJH KOH.UeHCHposaHHb!X cpe.u - OT 

TeMrrepaT)'pbl H .uasneHl1H, ITOCKOJlbKY B 3TOM CJJ)"lae BMeCTO .uasJJeHHH H KOH

ueHTpal.IHH HCITOJih3YIOTCH neT)"leCTH 11 aKT11BHOCTH. TepMo.u11HaMHqecKaH KOH

cTaHTa pa0Hosec11H scer.ua 6e3pa3MepHa. Ecn11 ee pa3MepHOCTb YKa3aHa, TO 3TO 

.uenaeTCH .UJJH Toro, qTo6bI orrpe.ueJil1Tb lllKaJJbI .uasneHHH 11JIH KOHI.1eHTpau11if. 

TerrJIOBOH 3cpcpeKT peaKUJ1M. 3aKOH recca 

IlyCTb B xo.ue peaKI.111H He coseplllaeTCH HHKaKOH pa60Tbl, KpOMe MexaHH

qeCKOH. Torna 113 rrepsoro 3aKoHa TepMO.!ll1HaMHKH .UJJH rrepexo.ua c11cTeMbI 113 

HaqaJibHOro COCTOHHl1H (1) B KOHeqHoe (2) HMeeM: 

2 

Q12 = ll12E + J P dV. 
I 

Ilp11 ITOCTOHHHOM o6beMe pa6oTa He coseplllaeTCH, IT03TOMY 

(Q12)v =ll1 2Ev · 

Ilp11 ITOCTOHHHOM .uaBJJeHl1H 

(Q12 )v = tl12Ep + Ptl12V = tl12H . 

BeJI~HHbI, crnHm11e B rrpashlx qaCTHx 3THX ypasHeH11H, Ha3bIBalOTCH Terrno

BhIMH 3cpcjleKTaMl1 npoueccos np11 ITOCTOHHHOM o6beMe 11 rrpH ITOCTOHHHOM .uaBJJe

HHH coarseTCTBeHHO. TennoBhIM 3cpcpeKTOM peaKUHH Ha3bIBaeTCH KOJI~eCTso Te

ITJJOThI, KOTOpoe Bhl.UeJJHeTCH HJIH rrornomaeTCH rrpH Heo6paTHMOM npoTeKaHHl1 

peaKUH11 np11 ITOCTOHHHOM .uaBJJeHHl1 11Jll1 ITOCTOHHHOM o6beMe H rrp11 ycJJOBl1H, 

qTQ c11CTeMa He cosepwaeT HHKaKOH pa60'fbl, KpOMe MexaH11qecKOH, CBH3aHHOH e 

paClllHpeHHeM, H qTQ TeMneparypbl npOJlYKTOB peaKI.IHH 11 HCXO.UHb!X peareHTOB 

cosrra.ualOT. PeaKUHH, npoTeKa10m11e e Bhr.UeneHHeM TerrnoTur, Ha3bIBalOTCH 3K33p

roH11qecK11MH, a npoTeKa10m11e e rrornomeHHeM TerrnoTbJ, - 3H.!l3proH11qecKHMH. 

)1,JIH 11.ueaJJbHb!X ra30B H HX CMeceif BHyTpeHHHH 3HeprHH HBJIHeTCH cpyHK

UHeH TOJJhKO TeMrrepaTypbl (CM. pa3.UeJI 2.1), T. e. ll12Ev =ll12Ep =ll12E . 

,[{JJH peaJJbHbIX raJOB rrpH .!lOCTaToqHo Bb!COKHX TeMrreparypax H HH3KHX .uas

JJeHHHX 3TO paseHCTBO BhIITOJJHHeTCH rrp116nmKeHHO. IlocKOJihKY BHYTpeHHHH 

3Hepr11H H 3HTaJJhITHH HBJIHIOTCH cpyHKL(HHMH COCTOHHHH CHCTeMbl, TO TeITJJOBOH 
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::icpcpeKT peaKu1111 He 3as11c11T OT nyrn npouecca tt onpet1eID1eTCJ1 TOJihKO Ha

qanhHhIM I1 KOHeqHhIM COCTOJIHHJIMH CHCTeMbl. 3TO YTBep)K,lleHtte, I13BeCTHOe 

KaK 3aKOH recca, farno CcpOpMynttpOBaHO r. H. feCCOM B 1840 r . Ha OCHOBaHHH 

pe3yJihTaTOB 3KCIIep11MeHTOB. 

,ll,nJI peaKUHll B KOH):leHCHpOBaHHOll cpa3e I13MeHeHHJI 06beMa MaIThI, II0-

3TOMY !:!rH "' !:!rE . Ecntt peaKUHJI npoTeKaeT B CMeCI1 H):leaITbHhIX ra30B, TO 

!:!rH = !:!rE + RT !:! v, r):le !:!v - mMeHeHtte qr1cna Moneìi ra30B B xot1e peaK-

UHH. CTaH,llapTHhIM TennoBhIM ::icpcpeKTOM ( CTaHJ:lapTHOH 3HTaJihIItteìi) b.rH$ 
peaKUHH rrptt TeMnepaT)"pe T Ha3b!BaIOT I13MeHeHtte 3HTaJihIIHI1 CHCTeMbI B xo

):le peaKUI1H Me)K,lly semecTBaMH, HaXO.LIJl1UHMHCJI B CTaH,llapTHOM COCTOJIHHH. B 
KaqecTBe CTaH,llapTHOro COCTOJIHHJI ):IJIJI )KH):IKHX 11 KpHCTannttqecKHX COCTOJl

HHll HH):IHBH,llyaJibHhIX semecTB rrpttHHMaeTCJI Hatt6onee ycToìiq11soe COCTOJl

Htte peanhHOH cttcTeMhI nptt 3a):laHHOH TeMrrepaType tt t1asneHttH I 6ap . ,ll,nJI 

HH):IHBH):lyanhHhIX ra30B 3a CTaH):lapTHOe COCTOJIHHe rrpI1HI1MaIOT rHilOTeTttqe

CKOe COCTOJIHHe, COOTBeTCTByIOm;ee COCTOJIHHIO H):leaJibHOro ra3a nptt TOll )!(e 

TeMnepaType tt t1asneHHH I 6ap . 

,ll,llil BhiqttcneHttJI Tennosoro ::icpcpeKTa peaKUHH qam;e scero 11crronh3YIOT 

t1Ba MeTot1a pacqern: qepe3 CTaH,llapTHhie 3HTaJihIIHH cropaHHJI ( b.bH~98 ) tt 

o 
qepe3 CTaH,llapTHhie 3HTaIThIIHH 06pa3osamrn ( ~ f H 298 ), KOTOpbie rrpttBOMTCJI 

B pa3nttqHhIX crrpasoqH11Kax. DeperrmneM (2.2.1 ), JIBHO BhI):lenttB HCXOJ:IHhie 

peareHThI tt npot1yKThI peaKutt11: 

HJIH 

Toma 

~_>iAi--+ 'L.,vjBj. 
j 

D.bHg9g = L v;D.bHg9g (A;)- L vjt.bHg98 (Bi) 
j 

t. 1 Hg98 =Lvjt.1 Hg98 (s1 )- L v;D. 1 Hg98 (A;). 
i 

lfao6apa peaK~HH 

DpoJ:1ttcpcpepettuttpyeM (2.3 .16) no T nptt nocTOJIHHOM t1asneHtttt: 

(8b.rGol =-RlnK -RT(81nKp) = b.rGo -RT(81nKp) 
8T p 8T T ar , p p p 
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OTK)?J:a cne.nyeT, 'ITO 

( 
ò In K p) = b.rGo _ -'-( òb.rGo l 

òT p RT2 RT òT 
p 

HcrroJJh3YH Terrepb ypa0HeH11e f1166ca- feJJbMrDJJhl..la, rrony'l11M: 

(
òlnKpJ 

òT p 

b.rHO 

RT2 ' 

r.ne b../-f - CTaH.napTHblH TeITJJOBOH 3 <j><j>eKT peaKU1111 . 

(2.3 .19) 

TioJJY'leHHOe ypa0HeH11e HOCHT Ha3BaH11e 11306apbl peaKl{l111. To'IHO TaK 

)!(e, paccMaTp110aH np0113BO.L\HYFO no TeMrrepaType OT lnKc rrp11 ITOCTOHHHOM 

o6beMe, MO)l(HO ITOJJY'll1Tb ypa0HeH11e H30XOpbl peaKU1111 B 011,Lle 

(
òln Kc) 

òT V 

b.rEO 

RT2 ' 
(2.3.20) 

r.ne /'iJil - CTaH,Llaprnoe 113MeHeH11e BHyrpeHHeH 3Heprn11 MH .naHHOH peaK

U1111. 06a ypaBHeHl1H y.no6Hee 3aITl1ChIBaTb B .npyroii, 3KBl1BaJJeHTHOH <j>opMe, 

KOTOpYJO np110e.neM ,L\JJH (2.3.19): 

[ a~(;J l - b.rHO 

R 
(2.3 .21) 

B 3TOM CJJY'lae 1(Jrn MaJJbIX 11HTepaaJJOB TeMnepaTyp npa0y10 'laCTb MO)l(HO 

C'IHTaTb He 3aBl1CHWeì1 OT T, 'ITO COOTBeTCTByeT JJHHeHHOH 3aBHCI1MOCTI1 nora

p11<j>Ma KOHCTaHTbl paBHOBeCHH OT o6paTHOH TeMrrepaTypbi. 

3aBMCMMOCTb KOHCTaHTbl paBHOBecmI OT ,n:aBJieHM5I 

B CJJy'lae ra30Bb!X CHCTeM CTaH,LlapTHblH XI1MJ1'1eCKHH ITOTeHI.(HaJJ 3aBHCHT 

TOJlbKO OT TeMnepaTypbl, IT03TOMy, B COOTBeTCTBI111 e (2.3.16), KOHCTaHTa paB

HOBeCIDI ra3o<j>a3Hb!X peaKU11H OT .nasJJeHHH He 3aBJ1CJ1T . .[l,JJll TBep,LlbIX 11 )l(H,Ll

KHX seweCTB CTaH,LlapTHblH XI1Ml1'1eCKHH ITOTeHu11aJJ 3a011c11T KaK OT TeMrrepa

TypbI, TaK 11 OT .nasJJeHl1ll, IT03TOMY 11 KOHCTaHTa paBHOBeCHll ,L\JJH peaKI.(HH e 

Y'laCTHeM TaKHX sewecTB 6y.neT 3aBHCeTh OT Tex )!(e napaMeTpOB. 

Orrpe.neJJHM 3a011c11MOCTb KOHCTaHTbI pa0Hosec11H Kx (2.3 .17) OT .nas

JJeHHH, ,L\JJH 'lero BOCITOJ1h3yeMCll CBll3bfO Me)l(.ny 113MeHeHJ1HMI1 CTaH.napTHOH 

cso6o.nHOH 3Hepnm f1166ca 11 06beMa CHCTeMbl B CTaH.napTHblX ycJJOBl1HX: 
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[ 
òt:i.rGO l == t:i.rV. C npyroì1 CTOpOHbI, 

òP T [òt:i.rGol =-RT(òlnKx) . Cne-
òP òP T 

T 

nosaTeJibHO, ___ x 
(

òlnK ) 

òP T 

- t:i.rV 
RT 

ITocne HHTerpHposamui no nasneHHIO OT CTattnapTHoro cocTO.HHHll no co

CTO.HHH.H e nasneHHeM P rronyqHM: 

p 

lnKx(P)= lnKx(P
0
)- RIT f

0 

t:i.rV(P')dP',,,lnKx(P
0
)- ~; (P-P

0
). 

p 

ITocnenttee rrp116nm1<eHHoe paseHCTBO BbinOJIH.HeTcl! TeM TO'lHee, tJeM 

MeHbwe C)!(HMaeMOCTb sew;ecTB. ITp11 o6bI'lHbIX ycnosH.HX rrocnenHHH lJJieH B 

rrpasoì1 lJaCTl1 MaJI 11 HM MO)!(HO rrpeHe6pe'lb. 

f eTeporeHHhie paBHOBec1rn 

X11MHqecK11e peaKUHH, s KOTOpbIX pearnpyiowHe sewecTsa HaXOMTCll B 

pa3Jil14HbIX cpa3ax, Ha3hIBa!OTC.H reTeporeHHbIM11. ITycTb Me)!(ny sewecTBaM11 

Ah Az, A 3 H A 4 rrpoTeKaeT reTeporemral! peaKU11.H rrp11 rrocTO.HHHOM nasneHHl1 H 

ITOCTO.l!HHOÌ1 TeMnepaType: 

V1 A1 ( Z) + Vz Àz ( K) == V3 A3 ( Z) +V 4 À4 ( K) , 

rne CHMBOJ!bl «K» 11 «Z» 03HalJa!OT KOHneHC11pOBaHHYIO (Tsepnyio HJIH )!(Hn

KYIO) 11 fa3006pa3HYIO cpa3bl COOTBeTCTBeHHO (nanee 3Tl1 CHMBOJ!bl onymeHbl). 

CornacHo o6meMy ycnos1110 pasttosec11.H 

Ivìµi =O . (2.3.22) 

EcnH ra3oo6pa3Hhie semecTsa A 1 11 A3 rrontJ11H.H.10TC.ll 3aKoHaM HneaJibHbIX 

fa30B, Ttl 11X Xl1Ml1lJeCKl1e noTeHU11aJibl MO)!(HO 3arr11caTb B BHne 

o -
µ· =µ· +RTlnP- 1·= I 3 J J J, , , 

rne P1 11 ~ - OTHOCHTeJibHbJe rrapu11anbttb1e nasneH11.H. KOMnotteHTOB A 1 11 A3 

cooTseTCTBeHHO np11 nocTH)!(eH11H pasHosec11l!. XHM11'lec1<11e n0Tettu11anb1 µ 2 11 

114 peareHTOB A2 11 A4, ecm-1 nocnenH11e He o6pa3y!OT pacrnopos (rnepnhix 11nH 

)K11n1<Hx), l!BJI.ll.IOTC.H rrocTo.HHHbIMH senH'lHHaMH rrpH P = const 11 T = const. ITo

cne noncTaHOBKl1 3HatJeHHÌ1 µ 1 H µ 2 (2 .3.22) nerno npeo6pa3yeTC.H K s11ny 

- RIT [ ( v3µf + V4µ4 )-( v1µP + vzµz) J =In( P{3 
/ ~v1 ) . (2 .3.23) 
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( 
8/j.rGO) = /j.rV . C npyroì1 CTOpOHbI, 

8P T (8/j.rGo) =-RT(81nKx) . Cne-
8P 8P T 

T 

nosaTeJibHO, ___ x 
(

alnK ) 
8P T 

- /j.rV 
RT 

ITocne llHTerp11posaHHJI rro nasJieHH!O OT CTaHnapTHOro COCTOJIHHJI no co

CTOJIHHJI e nasneH11eM P rronyq11M: 

p 

In Kx ( P) = lnKx (P0
)- RIT f

0 

/j.rV(P') dP'"' lnKx ( P0
)- ~; (P - P

0
). 

p 

ITocnenHee rrp116Jitt)!(eHHoe paseHCTBO BbIITOJIHJieTcll TeM T04Hee, qeM 

MeHLwe C)!(HMaeMOCTb sew:ecTB. ITptt 06h1qHbIX ycnosm1x rrocnenHHH qJieH B 

rrpasoì1 4aCTll MaJI H HM MO)!(HO rrpeHe6peqb . 

rereporeHHhie paBHOBeCIUI 

XHMH4eCKMe peaKUMH, B KOTOpb!X pearnpy!OW:He sew:eCTBa HaXOMTCJI B 

pa3JIM4HbIX cpa3ax, Ha3bIBa!OTCll reTeporeHHbIMH. ITycTb Me)!(ny sew:ecTsaMtt 

A 1, Ai, A3 11 A4 rrpoTeKaeT reTeporeHHall peaKUHll rrp11 nocTOllHHOM nasneHMM 11 

ITOCTOJIHHOH TeMnepaType: 

V1A1 ( 2) + V2A2 ( K) = V3A3 ( 2) + V4A4 ( K), 

rne CHMBOJlbl ((K)) H ((2)) 03Ha4a!OT KOHn eHcttposaHHY!O (TBepny!O MJIH )!(Hk 

KYfO) H ra3oo6pa3HY!O cpa3bl COOTBeTCTBeHHO (nanee 3TH CHMBOJlbl onyw:eHbl). 

CornacHo o6w:eMy ycnOBH!O pasHosecllJI 

I:Viµi =o. (2.3.22) 

Ecn11 ra3oo6pa3Hbie sew:ecTsa A 1 11 A 3 non4HHJI!OTCJI 3aKoHaM 11neanbHbIX 

ra30B, TO MX XHMH4eCKMe ITOTeHL(MaJibl MO)!(HO 3an11caTb B BHne 

o -
µJ = µJ +RTlnPJ, j= I, 3, 

rne A. H ~ - OTHOCl1TeJibHbJe .napu11aJibHbJe nasJieHHJI KOMITOHeHTOB A1 11 A3 

COOTBeTCTBeHHO nptt nocT11)!(eHMll paBHOBeCl1JI. X11MH4eCKHe ITOTeHu;HaJibl µ2 H 

ll4 peareHTOB A2 11 A4, ecntt nocnenH11e He o6pa3y!OT pacTBopos (TBepnhix ttn11 

>KHnKttx), JIBJIJIIOTCll rrocTOJIHHbIMH seJIH4HHaMtt np11 P = const 11 T = const. ITo

cne noncTaHOBKH 3Ha4eH11ì1 µ 1 11 µ 2 (2.3 .22) nerKo npeo6paJyeTcll K s11ny 

- RIT [ ( V3µf + V4µ4 )-( v1µP + v2µ2) J =In( P{3 
/ i(1

). (2.3.23) 
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Bee 'IJieHhI B nesoì.f '!aCTH ypasHeHHll (2 .3 .23) npH T= const nocTOllHHhI. 

0TCIO)J.a cne)J.yeT, 'ITO npH nocTOllHHOì.f TeMnepaType cooTHOUieHHe i'{3 / i(' 
B npasoì.f qacTH ypasHeHHll (2.3.23) )J.OJilKHO 6hITh TaKlKe HeH3MeHHhIM. Co

rnactto onpe)J.eJiettmo, 

exp i =KO 
[ 

L,µ?viJ 
RT ' 

?;3 I i(' = K0 
= f(T). (2.3 .24) 

BeJIH'IHHa K° Ha3hIBaeTCll CTaH)J.apTHOH KOHCTaHTOH XHMH'leCKOro paBHO

BecmI )J.Jlll reTeporeHHOH CHCTeMhl. KaK BH)J.HO H3 ypaBHeHHll (2.3.24), B KOH

CTaHTY paBHOBeCHll )J.Jlll reTeporeHHOH peaKUHH BXO)J.l!T JIHlllh naprmaJihHhie 

)J.aBJieHHll ra3oo6pa3HhIX semecTB A 1 H A3• flpHMepaMH reTeporeHHhIX peaK

UHH MOrYT cnylKHTh cne)J.yioruHe npo11ecchI: 

a) B3aHMO)J.eHCTBHe yrnepo)J.a e )J.HOKCH)J.OM yrnepo)J.a 

C +C02 = 2CO. 

B COOTBeTCTBHH e (2 .3 .24) K 0 = PEo I Pco2 

6) TepMH'!eCKall )J.HCCOUHaumr Kap6ottaTa MarHHll 

MgC03 = MgO + C02. 

o -
B nocne)J.HeM cnyqae KOHCTaHTa pasttosecHll 6y)J.eT pastta K = Pco

2 
• 

HecMOTPll Ha TO 'ITO KOHCTaHTa paBHOBeCHll reTeporeHHOH peaKl\HH Bhlpa

lKaeTCll qepe3 naputtaJihHhie )J.aBJieHHll raJoo6pa3HhIX peareHTOB (A 1 H A3), seJIH-

1.!HHa K° 6y.ueT 3asttceTh OT CBOHCTB scex yqacrnttKOB peaKUHH (A 1, Ai, A3 H A4) . 

3TOT BhIBO)J. Henocpe)J.CTBeHHO BhITeKaeT H3 ypaBHeHHll (2 .3.22), TaK KaK JieBall 

qacTh ero co)J.eplKHT anre6patt'lecKyio CYMMY XHMH4eCKHX noTeHuttanos scex 

pearnpyioru11x semecTB. Hanp11Mep, nptt TepMH'!ecKoìi )J.ttccoutta1111H MgC03 H 

o -
CaC03 BhipaJKeHHe )J.Jill KOHCTaHThI pasHoBeCHll O)J.HO H TO JKe, K = Pco

2 
, Ho 

BeJIH4HHhl KOHCTaHT pa3JIH4Hhl, T3K KaK XHMH'-!eCKHe ITOTeHUH3JlhI MgC03 H 

MgO OTJIH4aIOTCll OT XHMH'-leCKHX noTeHl\HaJIOB CaC03 H CaO. 

EcnH reTeporeHHM peaKumr cosepUIHT O)J.HH npo6er npH csoeM npoTeKaHHH, 

TO )J.Jill H3MeHeHHll :meprnH rH66ca 6y.ueT cnpaBe)J.JIHBO CJie)J.yioll\ee BhlpaJKeHtte: 

[ LlrG(T)JP,r=LP;V;=[(v3µf +v4µ4 )-(v1µf+v2µ 2 )J+RT!n(P(3 / f(1
), 

I 

(2.3 .25) 
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r)J;e A.' H f>.; - OTHOCHTeJihHhie napuHaJihHhie )J;aBJieHHH ra:mo6pa3Hh!X Be

ll(eCTB B MOMeHT HX CMerneHHH . C )'1IeTOM (2.3 .2 J) H (2.3.22) ypaBHeHHe 

(2.3 .25) MO)l<HO npeo6paJOBaTh K BHJJ:Y 

[ t.rG(T)JP,T = -RTlnK0 +RTln(P(3 
/ f(1

) . (2.3.26) 

)1,IIH CTaH)J;apTHOro COCTOHHHH CHCTeMhl ypasHeHHe HJOTepMhl peaKl(HH, KaK 

11 JJ:JIH peaKl(HH, npoTeKaIOll(ett B faJOBOH ct>aJe, MO)f(eT 6h!Th npeJJ:CTaBJieHO B BHJJ:e 

[t.rG(T)JP,T =-RTlnK0. (2.3.27) 

Benwmtty [ t.rG(T)JP,T MO)f(HO BhrqHcJIHTh no ypastteHHl-0 (2.3.27), ec

JIH H3BeCTHO 3KCnepHMeHTaJihHOe 3HaqeHHe KOHCTaHThl paBHOBeCHH, HJIH no 

ypaBHeHHIO fH66ca-feJihMfOJihl(a: 

t.rGo (T) = t.rHO (T)-Tt.rSO (T) . (2.3.28) 

)1,mr pacqern no (2 .3.28) tteo6xoJJ:HMO JHaTh JJ:JIH K3)1(JJ:Oro pearnpyIOmero 

semecTsa TeMnepaTypHyIO JaBHCHMOCTh TennoeMKOCT11, Cp = f(J); CTaHJJ:apT-

HYIO TennoTy o6pa3osaHHH, lì f Hg9g ; cTaHJJ:aprny1-0 3HTPon1110, S~98 . 

2.4. <l>a30Bble paBHOBeCIDI 

<t>aJOH HaJhIBaeTCH qaCTh TepMOJJ:HHaMH'leCKOH CHCTeMhl (nOJJ:CHCTeMa), 

11Me10ll(aH onpeJJ:eJieHHYl-0 rpaHHUY - nosepxHOCTh paJJJ:ena, np11 3TOM B npe)J,e

nax ct>aJhI BCe XHMH'!eCKHe H cpmw-:1eCKHe CBOHCTBa nOCTOHHHhl B OTCYTCTBHe 

BHernHHX noneil. Ha nosepxHOCTH paJJJ:ena ct>aJ npo11cxoJJ:HT peJKoe HJMeHeHHe 

OJJ:HOro HJIH HeCKOJihKHX napaMeTpOB CHCTeMhl. B JaBHCHMOCTH OT KOHCl1CTeH

l(Hl1 ct>aJhI npHHHTO BhIJJ:eJIHTh pa3JIHqHhie ee arperaTHhie COCTOHHHH: TBepJJ:Oe, 

)i(l1JJ:KOe; raJoo6pa3HOe. IloHHTl1e arperaTHOro COCTOHHHH '-leTKO He onpeJJ:eJIHeT

CH, no3TOMY HCnOJihJyeTCH, B OCHOBHOM, JJ:IIH YJJ:06CTBa onHcaHHH. 

EcnH CHCTeMa COCTOHT H3 OJJ:HOH cpa3hI, OHa Ha3hJBaeTCH roMoreHHOH, a BO 

scex OCTaJihHhIX cny'-laHX - reTeporeHHOH. K roMoreHHhIM CHCTeMaM OTHO

CHTCH CMeCH raJOB, KpHCTaJIJihl '-IHCTOro semeCTBa. foMoreHHh!MH CHCTeMaMH 

MOfYT 6hITh cnnaBhI MeTaJIJIOB, paCTBOphl H aMaJihraMhl. I1p11MepaM11 reTepo

reHHhIX CHCTeM MOrYT CJI~HTh CMeCH KpHCTaJIJIOB pa3HhIX Bell(eCTB, B qacT

HOCTl1 HeKOTOphre cnnaBhl MeTaJIJIOB, CMeCH )l(HJJ:KOCTett, orpaHH'-!eHHO paCTBO

p11MhIX JJ:pyr B JJ:pyre, CHCTeMhl, COCTOHI[(He H3 )1(11JJ:KOCTH H ee HaChill(eHHOro 

napa HJIH pacTBopa, rpaHH'-lamero e TBepJJ:oì-1 cpaJott pacTBopeHHoro semecTBa, 

a TaK)f(e CHCTeMhl, COJJ:ep)f(all(He OJJ:HO 11 TO )!(e semecTBO B pa3HbIX arperaTHhlX 

COCTOHHHHX, HanpHMep, BOJJ:a- JieJJ: H BO)J;a-nap. B JaBHCHMOCTH OT q11cna 
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cpa3 reTeporeHHa5.! Cl1CTeMa MO)!(eT 6b!Tb .usyxcpa3HOH, Tpexcpa3HOH 11Jll1 MHOro

cpa3HOH. <l>a3bl, co.uep)!(all.]11e Bell.]eCTBO B TBep.uoM 11Jll1 )!(11)].KOM COCT05.!Hl111, 

Ha3hIBa!OTC5.! KOH)J.eHc11posaHHbIMl1. Ka)!()J.a5.! cpa3a, B rrp11Hl.]11De, MO)!(eT 6hITb 

MexaHJ1lleCKl1 BbJ)J.eJleHa 113 reTeporeHHOH CHCTeMbl. 

reTeporeHH35.! Cl1CTeMa B 06hl'lHb!X ycJIOBml.X MO)!(eT COAep)!(aTb TOJlbKO 

OAHY ra30ByIO cpa3y, a KOH.UeHc11posaHHhIX cpa3 MO)!(eT 6bITh HeCKOJlhKO. HH.u11-

B11AyanhHh1e se111eCTBa, BXO)J.5.!ll.]11e B Cl1CTeMy, Ha3hJBa!OT COCT3BJ15.!!0ll.]11M11 CHC

TeMy Bell.]eCTB3Ml1. flp113HaKOM COCTaBJ15.!IOll.]ero Bell.]eCTBa 5.!BJ15.!eTC5.! TO, 4TO OHO 

MO)!(eT cymecTBOBaTh li BHe CllCTeMbl. B pacTsopax JneKTPOJillTOB B pe1ynhTaTe 

AllCCOl.]11al.]1111 Moryr o6pa30BbIBaTbC5.! 110Hbl, HO 110Hbl BHe paCTBOpa B o6bJ4Hb!X 

ycnOBll5.!X He cymeCTBYIOT. TaK, Harrp11Mep, B BO)J.HOM paCTBOpe IIOBapeHHOH co

Jlll COCT3BJ15.!:!0ll.111Ml1 se111eCTBaMll 5.!BJ15.!IOTC5.!: BO).la 11 nosapeHHa5.! COJlb, a 110Hbl 

rll.UpOKCOHl15.!, rllAPOKCl1Jla, HaTp115.!: 11xnopa11Ml1 He 5.!BJ15.!IOTC5.!. 

Jl:Jl5.! orr11caHl15.! COCT05.!Hl15.! Cl1CTeMbl 11CIIOJlb3YIOT IIOH5.!:Tl1e KOMDOHeHTa Cl1C

TeMbl, KOTOpoe OTJ1114aeTC5.! OT IIOH5.!Tl15.! COCTaBJ15.!:IOll.]ero Bell.]eCTBa. 1I11cno KOM

IIOHeHTOB Cl1CTeMbl He rrpeBbIWaeT 411CJla COCTaBJ15.!IOll.]11X ee se111ecTB. B OTCYT

CTBl1e Xl1Ml14eCKl1X peaKl.]11H B Cl1CTeMe 'll1CJ10 KOMDOHeHTOB paBHO 'lllCJlY co

CTaBJ15.!!0ll.]11X se111eCTB, a np11 B03M0)!(H0CTl1 Xl1M11'leCK11X rrpespa111eHl1H Bell.]eCTB 

'-lHCJlO KOMDOHeHTOB MeHbWe 411CJla COCTaBJ15.!IOll.]11X Bell.]eCTB Ha 'll1CJ10 He3aBl1-

Cl1MblX Xl1Ml14eCKl1X peaim11ì1. TaKl1M o6pa30M, 'll1CJ10M KOMDOHeHTOB Ha3bJBaIOT 

Ml1Hl1MaJlhHOe 'll1CJ10 11HA11B11AyaJibHb!X semecTB, 113 KOTOpblX MO)!(eT 6b!Tb co

CTaBneHa AaHHa5.! CHCTeMa. 

Ilpu.Mep. flp11 HH3Kl1X TeMrreparypax cMeCb Tpex ra1os NO, 0 2 li N 2 

rrpeACTaBJ15.!eT co6ott TpeXKOMIIOHeHTHYIO Cl1CTeMy, IIOCKOJlbKY XHMH4eCKHe 

peaKl.]1111 Me)!(.uy Bell.]eCTBaMH He 11AYT- flp11 Bb!COKllX TeMrrepaTypax CTaHOBl1T

C5.! B03MO)!(HOH peaKl.]115.! N 2 + 0 2 = 2NO. PasHosecHoe cocT05.!HHe c11cTeMbJ xa-

o -2 /( - - ) paKTep113yeTc5.! KoHcTaHTott pasHosec115.1 K P = PN o PN
2 
P

02 
, rroJTOMY 4llC-

JIO KOMIIOHeHTOB B )TOM cny4ae YMeHbWaeTC5.! AO AByx. B 43CTHOM cnriae, KO

r.ua 11CXOAHO B Cl1CTeMe HaXO)J.IIJlC5.! TOJlbKO OKC11A 330Ta, rrocne HarpeBaHH5.! 11 

ycTaHOBJleHl15.! paBHOBeCH5.! KOHl.]eHTp31.]Hll ( OTHOCllTeJlbHbJe napullaJlbHbJe 

.uasneHll5.!) 330Ta 11 Kl1CllOPOAa OK33hIBa!OTC5.! paBHb!MH, IIOJTOMY Me)!(AY KOH

l.]eHTpal.]115.!MH COCTaBJ15.!!0ll.]11X Cl1CTeMy Bell.]eCTB cymecTByeT )J.OIIOJ1HllTeJJbHa5.! 

CB5.!3b 11 T3Ka5.! Cl1CTeMa se.ueT ce65.! KaK OAHOKOMIIOHeHTHa5.!. 

flpH orrpe).leJleHl1H 411CJla KOMIIOHeHTOB Cl1CTeMbl Ylfl1TbIBaIOTC5.! ypaBHeHH5.!:, 

CB5.!3bIBaI011111e paBHOBeCHbJe KOHl.]eHTPal.]1111 COCTaBJ15.!IOil.]llX CllCTeMy Bell.]eCTB 

{llllll IIX OTHOCHTeJlbHbie rrapl.]liaJlbHbJe A3BJleH115.!:), a He KOJlll4eCTBa se111eCTB. 

TaK, Hanp11Mep, eCJll1 Cl1CTeMa 11CXO)J.HO co.uep)!(aJia TOJlbKO Kap6oHaT Marmrn, TO 

npll ycTaHOBJieH11ll paBHOBec115.1: B Hett 6y.UYT np11CYTCTBOBaTh TPll semecTsa: 

MgC03, MgO 11 C02, li cocT05.!Hlle CllCTeMbI 6y.neT xapaKTepH30B3ThC5.!: KOHCTaH-

0 -
Ton paBHosec115.1 K P = Pco

2 
. CneAoBaTeJibHO, TaKa5.! cllcTeMa cocT011T H3 AByx 

KOMDOHeHTOB. B TO )!(e BpeM5.!: B paccMOTPeHHOM BbJWe npHMepe CllCTeMa, o6pa-

~ 
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30BaBrnal!Cll TaJOKe H3 o.zmoro HCXO,llHOro s erueCTBa (NO), 6bIJia 0,llHOKOMDO

HeHTHOH. PaJJIHqHe qwcna KOMDOHeHTOB o 6ycJIOBJieHO pa3JIHqH.HMH B qHcJie 

ypaBHeHHtt-orpaHwqeHHH: B nepBOM cnyqae - O,llHO, BO BTOpOM - ,llBa. 

IlpuMep. PaCCMOTpHM ,llBa BO,llHhlX paCTBOpa, O,llHH H3 KOTOpbIX co.uep)KHT 

XJIOPH.llhl HaTPH.H H KaJIH.H, a .upyroii - XJIOPH.ll HaTpHll H 6poMH,ll KaJIHll. B nep

BOM cnyqae qHcJio KOMl10HeHTOB pastto TpeM (H20, NaCI, KCI), so BTopoM -

11llTH (H20, NaCI, KCI, NaBr, KBr). 

EcJIH KaKHe-nw6o COCTaBJil!JOIUHe Moryr yqaCTBOBaTh B XHMHqeCKHX peaK-

1.(H.HX, HO 3TH peaKl(HH He H,UyT 110 KHHeTHqecKHM npwqHHaM (HanpHMep, OTCyT

CTBHe KaTaJIH3aTopa) HJIH )!(e KaKHe-TO COCTaBJil!IOIUHe He MOryT 11pOXO,UHTh qe

pe3 rpaHHUY co.uep)Karueii HX c!iaJhl, TO 3TH COCTaBJll!IOIUHe cqHTalOTCll KOMl10-

HeHTaMH CHCTeMbl. TioJIHOCThlO HeJieTy4HX H HepaCTBOpHMhIX BeruecTB He 

cyruecTsyeT, 11on0My Ka)K,[(oe seruecTBO co.uep)KHTCll B Ka)K,[(OH c!iaJe, xorn, so3-

MO)KHO, H B HHqTO)!(HhIX KOJIHqecTBax. HanpHMep, BO,Ua H 6eH30JI B3aHMHO He

paCTBOpHMhI, HO 6bJJIO 3KC11ep11MeHTaJibHO DOKaJaHO, qTo B CHCTeMe «6eH30JI -

so.ua» aKTHBHOCTh BO,[(hl B o6ewx )KH,[(KHX c!iaJax 11paKTH4eCKH O,UHHaKOBa. 

06mwM ycJIOBHeM paBHOBeCHll 3aKpblTOÌ1 CHCTeMbl (CM . pa3,Uen 2.1) l!BJill

eTCll MaKCHMYM 3 HTp011HH HJIH MHHHMYM BHyTpeHHett ::meprnH ( cso6o.uHOH 

:JHeprwH fH66ca , cso6o.uttoii ::1Hepr11H fenh M r onhua, :JHTanhnww) 110 sceM ee 

BHyTpeHHHM 11apaMeTPaM. 06bJqHo HCl10Jlh3yeTCll ycnoBHe MHHHMYMa CB0-

60.uHOH 3HeprnH. TipH 3TOM B roMoreHHOH CHCTeMe MHHHMYMY 3HeprnH f116-

6ca COOTBeTCTByeT XHMHqecKoe paBHOBeCHe, a B reTeporeHHOH - paBHOBeCHe 

qia3 011pe.ueneHttoro coCTasa. B nJ06oM cny4ae o6ruee ycJIOBHe pasHosecwl! 

,[(Jlll 3aKpblTOH CHCTeMbl HMeeT BH.ll dGP,T ,n =o . 

PacTBOphI 

PaCTBOpOM Ha3h!BaeTCll roMoreHHal! CHCTeMa (HJIH c!ia3a), COCTaB KOTOpoii 

MO)KeT He11pephIBHO H3MeHl!ThCll s tteKoTOpbIX npe.uenax. PacTsophI 6hrna JOT 

)KH,[(KHe, TBep,Ubie H raJoo6pa3Hh!e, HO 3,UeCb Mhl orpaHHqHMCll TOJihKO )KH,[(KH

MH paCTBOpaMH. PacTsop 11pe.ucTasm1eT co6oì1 cMech qacTHU pa3HhIX copToB, 

Me)K.uy KOTOpbIMH MOryT H,UTH XHMHLJ:eCKHe peaKUHH, 11pHBO.lll!IUHe K H3MeHe

Hl1JO COCTaBa 11 XHMl11!eCKHX noTeHl(HaJIOB KOMl10HeHTOB (CM . pa3,Uen 2.3), o.u

HaKO 3TOT cnyqaii Mhl 3,UeCh paccMaTpHBaTb TaJOKe He 6y.ueM. 

Ba)KtteiirnwMH xapaKTep11CTHKaMw p acTsopa .HBJil!JOTCll ero cocTas (11e p e

q e Hh COCTaBJilllOlUHX seruecTB) 11 KOHl(eHTpa u1111 KOMl10HeHTOB. 0 .UHH 113 KOM

DOHeHTOB paCTBOpa, o6hJqHO TOT, LJ:TO HMeeTCll B H36hITKe, Ha3b!BaeTCll paCTBO

p11TeJieM, a OCTaJihHbJe KOMl10HeHThl - pacTBopeHHhIMH seruecTBaMl1. Bb16op 

p a CTBOpHTem1 ycnoseH. Tip11 11epe1!HCJieHHl1 KOM110HeHTOB pacTBopa paCTBOpH

TeJIJO o6bI1!HO 11p1111HCb1BaJOT Ha11MeHblllHH 11H,UeKC (O HJIH 1 ). 
Ha116onee pac11pocTpatteHb1 cne.uyJOruHe c11ocofa1 Bh1pa)KeHHll KOHUeH

Tpauwì1 . 
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Mo11RpHOCmb (e;) - KOJIH'leCTBO i-ro KOMIIOHeHTa B MOJUIX (n;) , co.nep:a<a

meecJI B I 11 o6oeMa CHCTeMhI (rroJIHhiii o6oeM CHCTeMhI V Bhipa)!(eH B JIHTpax 

HJIH .llM
3
): 

n; 
C·=-
' V 

MOllRllbHOCmb (m;) - KOJIH'leCTBO i-ro KOMIIOHeHTa B MOJIJIX (n;), rrpHXO

)l}{ll.leecJI Ha I 000 r pacrnopHTeJIJI (g1 - Macca pacrnopHTeJIJI , Bh1pa)!(eHHaJI B 

rpaMMax): 

n· 
m; = _.!_ 

gl 

MOJlbHGJl ÒOJIJI (x;) - OTHOWeHHe 'lHCJia MOJieii KOMITOHeHTa (n;) K o6me

MY 'lHCJiy Mo11eii s pacrnope: 

n; 
X; = Ln; 

MoJihHhIM co.nep)!(aHHeM Ha3hIBaJOT MOJihHYJO .no1110, Bhipa)!(eHHYJO B 

rrpouettTax. 

Macco6aJl ÒOJIJI (w;) - OTHOWeHHe MaCChl KOMIIOHeHTa (g;) K o6meii Mac

ce pacrnopa: 

g; 
W;=Lg;. 

MaccoBhIM co.nep)!(attHeM Ha3hIBaIOT MaccosyJO .nomo, Bh1pa)!(etttty10 B 

rrpoueHTax. 

B 11a6opaTOpHOH rrpaKTHKe 'lame scero HCII0Jlh3YIOT MOJillpHbJe KOHQeH

TpauHH. IlpH paCCMOTPeHHH TeopeTH'leCKHX BOIIpOCOB B cpH3H'leCKOH XHMHH 

y.no6Hee HCIIOJlh30BaTh MOJIJIJlhHhie KOHUeHTPaUHH H MOJlhHbie .llOJIH, IIOCKOJlhKY 

B 3TOM CJIY4ae KOHQeHTPaUHJI He 3aBHCHT OT TeMnepaTYPhl. .Ll:Jill rrepeC'leTa O.ll

HHX KOHUeHTPau11ii B .npyrHe MO)!(HO HCIIOJlh30BaTh c11e.ny10mHe COOTHOll!eHHJI: 

lOOOc; 
m; = e 

IOOOp- -~_>;M; 
i=2 

m; 
X ·= C 

, 1000 + Im; 
M 1 i=2 
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rne p (r/cM
3
) - ITJIOTHOCTh paCTBopa, M; - MOm!pHa.11 Macca i-ro KOMITOHeHTa, 

C - q11CJIO KOMITOHeHTOB B paCTBOpe. 

PacTsop Ha3hrnaeTCH 1-tacbZU/eHHblM rro naHHOMY semecTsy, ec1111 B 3a)laH

HhIX yc11ostt.11x 3TO semecTso (Tsepnoe, lKtt)lKoe 1111tt ra3oo6pa3Hoe) 6011hwe He 

rrepexo)lHT B pacTsop. l'lHaqe rosop.11, c11cTeMa, conepJKama.11 HepacTsopeHHoe 

semeCTBO 11 paCTBOp, HaXO)ll1TCH B COCTO.l!Hl1l1 paBHOBeCH.11. 

L1:11.11 CMecett ra30B BhIITOJIHHeTC.11 3aKOH Ll:aJihTOHa: ITOJIHOe )laBJieHHe B 

c11cTeMe pasHo CYMMe rrapu11a11hHhIX nas11eHttH ra3os: 

P= Lli, lj =xiP. 

flp11 paCTBopeH11l1 MOJieKyJihl paCTBOpHeMoro semeCTBa MOfYT o6pa30Bhl

BaTb accou11aThI, rrp11BO!l.llm11e K 3cpcpeKTl1BHOMY CHl1lKeHl11-0 q11c11a paCTBOpeH

HhIX '-!aCTHU B paCTBope. C !lpyrott CTOpOHhl, B3al1MO)leHCTBYH C MOJieKyJiaMl1 

pacTsop11Te11.11, MoJieKyJihI pacTsop.11eMoro semecTBa Moryr pacrranaThCH, 1111tt 

n11ccouttrrposaTh. Ec1111 rrp11 n11ccou11au1111 o6pa3yIOTCH 3ap.11JKeHHhie qacT11UhI -

l10Hhl, TO semecTBO Ha3hIBaeTCH 3JieKTPOJil1TOM, a )ll1CCOI.{11al.{11H - 3JieKTPOJil1-

Tl1'-leCKOÌi. flp11 )ll1CCOI.{l1au1111 3cpcpeKTl1BHOe KOJil1'-leCTBO qacT11U B pacTBope 

yse1111q11saeTc.11. KaK rrp11 accou11autt11, TaK 11 rrp11 )lttccou11au1111 n11.11 orr11caH11.11 

CBOHCTB paCTBopa O)lHOH Jil1illh KOHI.{eHTpau1111 paCTBopeHHOro semecrna He

)lOCTaTO'-IHO. 

L1:11ccou11au11IO xapaKTep113yIOT CTerreHbIO )ll1CCOI.{11al.{1111 a. - )lOJieH pac

rraBUJHXC.11 qacTHU OTHOCl1TeJihHOfO ITOJIHOfO KOJI11qecTBa '-laCT11U, BBe)leHHhIX B 

pacTsop. BemecTsa, rro11HoCThIO n11ccou1111pywm11e Ha 110HhI, Ha3hIBaI-OTCH 

c11JihHhIM11 311eKrpo1111TaMH, H n11.11 H11x a. = 1. L1:11.11 He311eKrpo11HTOB a. = O. 
flpoMelKYTO'-IHbJe 3Ha'-!eHl1H a. COOTBeTCTBYIOT c11a6bIM 3JieKTpOJIHTaM. 

Ec1111 rrp11 n11ccouttau1111 Mo11eKy11hr paCTsopeHHoro semecrna 06pa3yeTc.11 v 
HOHOB, TO ITOJIHOe '-IHCJIO '-laCTHU B 1 JI pacrnopa paBHO CYMMe '-IHCeJI o6pa3o

BaBUJl1XCH HOHOB l1 '-!aCT11U, He )ll1CCOUI111posaBUJl1X Ha HOHhJ: a.cv+ (1 - a.)c =e 
+ a.e( V - 1 ). OrHoUJeH11e '-IHCJia qacTHU K '-IHCJIY MOJieKyJI, BBe)leHHhIX B paCTBop, 

Ha3hIBaeTCH u3omo1-tu1JecKUM K03ppu1Jue1-tmoM Ba1-tm-I'oppa i: 

i=l+a(v-1). (2.4.0) 

ConhBaTa1.1:iu1 

flp11 o6pa3oBaHHl1 lKl1)lKOro paCTBOpa 113MeHHeTCH rrpocrpaHCTBeHHOe 

pacnpene11eHtte MOJieKyJI pacTBOpHTeJIH, xapaKTep MelKMOJieKy11.11pHbIX B3al1MO

.ueHCTBHH. Pa3Jil1'-IHhJe Mone1111 pacTsopos no-pa3HOMY yq11ThIBaIOT 113MeHeH11.11, 

npo11cxon.11m11e B Cl1CTeMè rrpH 3aMemeHHI1 MOJieKyJI paCTBop11TeJI.11 MOJieKy

JlaMH pacTsopeHHoro semecTsa. 3HepreT11'-lecK11e 11 cTpyKTYPHhie H3MeHe

llHll, npoHCXO)lHmHe rrp11 o6pa3oBaHHH paCTBopa, Ha3bIBaIOT rrpoueccoM COJlb

oamaljUU. flp11 3TOM qacTO pa3JIHqaJOT 6JIHlKHIOIO H )laJibHIOIO COJiòBaTal.{HH, 



132 rnasa 2. <l>H3111KO-Xil1Mil148CKll1e OCHOBbl on111caHll15l 6111onOl1'148CKl1X CHCTeM 

T. e. BhI,nemI!OT B paCTBOpe .nse 30HhI: B Henocpe,ncTBeHHOH 6mnoCTH K 1.JaCTH

rre (KOHTaKTttpyiom11e e YacT11rreì1) pacrnopeHHoro semecrna 11 Ha 6onhUJeM 

y;:i:a.rremrn, DOJlyY1'lBUJHe Ha:maHHR nepBH'-IHOH H BTOpH'-IHOH COJlb6amHblX 060-

llOIJeK. qHCJlO MOJieKyJI paCTBOpttTeJIR B nepBH'-IHOH COJibBaTHOH o60J10'-!Ke Ha-

3b!Ba!OT Koop;:i:ttHarrttoHHhIM '-IHCJIOM conhBaTarrm-1 ,naHHOH 1.JaCTHIIhI. KoMnJieKc 

qacTHI{hl pacrnopeHHOro semeCTBa H MOJleKyJI paCTBOpttTeJIR HHOr,na Ha3b!Ba

!OT COJibBaTOM. 

CoJihBaTarrm1 B B0.1J:HhIX pacTsopax, ttJlH 2uòpamaLJufl., 01.JeHb CHJlbHa, oco-

6eHHO B pacrnopax :meKTponHTOB. CTa6ttJlbHOCTh rtt;:i:paTHOH 06ono1.JKH HOHa 

onpe.11:em1eTCR KHHeTHl.JeCKHMH H TepM0.11:HHaMttl.JeCKHMH cpaKTopaMH. 

Ilo CaMoìinosy, KHHeTtt'-leCKM CTa6ttnbHOCTh rn;:i:paTOB onpe,neJUieTCR :mep

rneì1 aKT11sarr1111 (CM. pa3,nen 2.2) nporrecca o6MeHa MOJleKynhI pacrnop11TenR 

H3 rn.npaTHOH o6ono'-IKH Ha Moneryny 113 ofu.eMHOH cpa3bl pacrnopa. Kon11qecT

BeHHO rtt;:i:paTaIItt!O MO)!(HO oxapaKTeptt3oBaTh senH'-lttHaMtt r/r 11 !!.E; = E; - E, 
r.ne r; H r - cpe;:i:ttee BpeMR npe6bIBaHHR MOJleKyJlbl B0.1l:bl B IlOJlO)!(eHHH paB

HOBeCHR s rH,npaTHOH 06ono1.JKe 11 s o6beMHOH cpa3e, E; - 3HeprnR aKT11sarr1111 

npou;ecca o6MeHa, E - 3HeprnR aKTHsau;tttt nporrecca caMo,n11cpcpy31111 s so.ne. 

Tiptt6Jltt)!(eHHO MO)!(HO C'-IHTaTb, '-ITO 

ti.E; 
Ti"' eRT 
T 

Ecntt r; > r, TO M; > O 11 rtt;:i:paTarrm1 Ha3bIBaeTcR nono)!(ttTenbHOH, ecntt 

)!(e r; < r (M; < O) - oTpHu;aTeJlbHOH. BenH'-lttHa !!.E; onpe;:i:enReTcH s3a11Mo

.11:eifcTBtteM MOJleKyn paCTBOpttTeJUI e HOHOM H 3aBHCHT, B OCHOBHOM, OT pa3Me

poB HOHa H CTpoeHHH ero 3JleKTpOHHOH o60JlO'-IKH. 

TepMo,n11HaMtt1.JeCKM ycTOH'-IHBOCTb conbsaTa onpe.neJUieTCH senwrnHoì1 m

MeHeHHR CB06o.nHoì1 3Heprntt ftt66ca nptt ero o6pa30BaHtttt: !!..SG =l:!.sH -T !!.SS' 

r.ne 1rn,neKC s COOTBeTCTByeT npou;eccy COJlbBarnu;tttt. 3HTaJ1bDHHHaH COCTaB

JUl!O!IIaH, KaK npasmro, cyruecTseHHO npeshillJaeT 3HTponttì1HyIO. 

TerrrrOThI pacTBopemrn H pa.36aBrreHH5I 

lhMeHeHtte 3HTaJlhilHH CHCTeMbl nptt o6pa30BaHHH paCTBopa, T. e. nptt 

nepexo;:i:e semecTsa tt3 ra3006pa3Horo, )!(tt.1J:KOro ttntt Tsep;:i:oro cocTORHHR B 

pacrnop, Ha3hIBaeTcH 3HTaJlbntteì1 (ttntt Tennornì1) pacrnopeHttH l:!.sH. TaK )!(e 

KaK H B CJlyYae XHMH'-leCKOH peaKIJ;HH, npou;ecc paCTBOpeHHR MO)!(eT 6b!Tb 3H

.1J:OTepMH'-leCKHM ( l:!.SH >o) HJlH 3K30TepMtt'-!eCKHM ( l:!.SH <o). 
B 3as11c11MOCTH OT Toro, B KaKHx ycnosHRx onpe;:i:enHeTCH TennoBOH 3cpcpeKT 

paCTBOpeHHR, BbI.1J:eJUl!OT pa3J1H'-1Hhle THDbl TennoT paCTBOpeHHR. l1HTerpa.rrbHOH 

TennoTOH pacrsopeHHR Ha3b!Ba!OT H3MeHeH11e 3HTaJibnHH npH npttroTOBJleHHH 

pacrsopa ;:i:aHHOro BemecrBa e 11cnonb30BaH11eM '-lllCTOro pacTBop11TeJU1. Ecntt )!(e 

pacTBOpeHtte semecTBa npOHCXO.LJ.HJIO ~e B paCTBOpe, TO 113MeHeHtte 3HTaJlbDHH 
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Ha3hIBa!OT JJ.11cp<flepeHu11anhHOH TermoTOif pacrnopeHm1. ITp11 3TOM TaIOKe B03-

MO)!(HhI pa3n111rnh1e c111yau1111. Ha116onee Ba)!(HbI 113 H11x cneJJ.yioll.l11e: 

f1ep6a5l uHme2panb11a5t menlloma pacm6ope11ufl: pacTBopeH11e I MOJrn se

mecTBa B 6eCKOHe1rno 6onhWOM o6beMe q11CTOfO paCTBop11Tem1 ( o6pa3yeTC5! 

6ecKoHeqHo pa36asneHHbIH pacrnop ). 

f10J1Hafl u11me2pa!lbllafl men!loma pacm6opeHufl: pacTsopeH11e I MOJrn se

mecTBa B 411CTOM paCTBOp11Tene, np114eM nptt IlOJJHOM paCTBOpeHHl1 ,llQJJ)!(eH 

o6pa30BaTbC5! HaCbJJUeHHblH paCTBOp. 

J(uifJ<jJepew4uaJ1b11afl menJ1oma pacm6opeHufl: pacTsopeHtte I Mom seme

CTBa B 6ecKOHe4HOM o6beMe paCTBOpa 3TOro BeIUeCTBa nptt 3a)laHHOH ero KOH

ueHTPaUH11 . .LJ:11<fl<flepettu11anhHa» TennoTa pacrsopeH11» B HaCbIJUeHHOM pacTso

pe Ha3hIBaeTC5! nocJ1eÒ11eìi menllomoìi pacm6opeHufl. 

PacTBop 3a,naHHoif KOHUeHTPau1111 MO)!<HO npttroTOBHTb JlBYM» cnoco6aMtt: 

paCTBOp»H HY)!(HOe semecrno B 'IHCTOM pacT0op11Tene 11n11 pa36aBJJ5!5! pacTBO

p11TeneM pacTBOp H3BeCTHOH KOHUeHTPau1111. ITocne,nH11if cnoco6 Ha3hIBaeTC5! 

pa3Be,lleH11eM, 11 eMy COOTBeTCTByeT 3HTaJJhfll15! (TennoTa) pa3Be)leHH5!: 3Hmanb

nueìi pa36eÒellUfl Ha3hIBaeTC5! l13MeHeH11e 3HTaJibTil111 CHCTeMbl nptt pa36aBJJeHJ111 

paCTBOpa 113BeCTHOH KOHUeHTpau1111, B35!TOro B o6beMe, co,nep)!(aJUeM 1 MOJlb 

paCTBOpeHHOfO semecrna, 'IHCTbIM paCTBOpttTeJJeM ,llO 3a)laHHOH KOHe4HOH KOH

ueHTpau1m. Tennosoif 3cpcpeKT np11 JJ.06a0nett1111 I MOJJ51 q11cTOro pacrnop11Ten» K 

6eCKOHe4HO 60JJhlliOMY o6beMy pacTBOpa Ja)laHHOH KOHUeHTPau1111 Ha3hIBaeTC5! 

òurjJifJepem1uaJ1b11oìi meMomoìi pa36eÒeHu5t . 

.LJ:m pacqern 3HTaJihn1111 06pa300aH115! pacrnopa (f. 1H) MO)!(HO np11Me-

HHTh 3aKOH fecca, 11Cfl0Jlh3Y5! 3HTaJJbTil111 o6pa30BaHl15! COOTBeTCTBYIOIU11X KOM

noHeHTOB paCTBOpa 11 )laHHhie 06 3HTaJJbTil111 paCTBopeHl15! . 

.KJiacc11qn:1Kau;m1 pacrnopos 

06pa30BaH11e paCTBOpa COOTBeTCTByeT nepeMew11BaHl1!0 MOJJeKyn pac

TBOp11TeJJ51 11 paCTBOp5!eMOro semeCTBa. 3TOMY npoueccy COOTBeTCTByeT yse

Jl114eH11e 3HTpon1111 Cl1CTeMbl 11, B03M0)!(H0, ee o6beMa H 3HTaJJbTil1H. 8 3as11-

CHMOCTl1 OT Toro, KaK11e 113MeHeHl15! np011CXO,ll5!T B Cl1CTeMe np11 CMeW11BaH1111, 

pacrnophI noJJ.pa3,neni110T Ha cne.nyiom11e T11nb1. 

Hòea!lbHblMU pacm6opaMu Ha3brnaioT TaK11e, .nn» KaJK,noro KOMnoHeHTa 

KOTOpbIX BO sceif o6naCTl1 KOHUeHTPaUHH Xl1MHqecK11e noTeHUI-1aJlbl 11Me!OT 811,ll 

- o µi - µi + RTlnxi. (2.4.1) 

MolKHO nOKa3aTb, qrn np11 3TOM 3HTPODl15! 06pa300att115! pacTsopa cosnaJJ.a

r e 31·rrpon11eif cMeweHH5! 11,neanhHbIX ra30B, a TennOBhie 11 o6beMHbie 3cpcpeKThI 

tll'CyYCTBYIOT, T. e. 3HTaJlbill111 11 o6beMbl KOMilOHeHTOB a,ll,lll1Tl1BHbl. 3TO COOT

lllHCTByeT a,ll,lll1Tl1BHOCTl1 napu11anhHblX ,1J.a0neH11H, napu11aJJhHblX o6beMOB, Ten-
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JIOeMKOCTeì1 11 3HTaJihITl1Ì1 KOMITOHeHTOB pacTsopa. IloseJ].eH11e, 6JIH3KOe K 11J].e

aJihHOMy, MOrYT rrpmrnmITh CMeCH l130TOITOB, 3HaHTHOMepos XttpaJihHhIX COeJ].H

HeHHH l1 coceJ].HHX qJieHOB rDMOJIOrttqeCKHX p»JJ.OB coeJ].HHeH11ì1. 

)J,n» peaJihHhIX paCTBopos COOTHOilleHHe (2.4.1) He Bh!ITOJ!HHeTCH, IT03TOMy 

.Qilll orr11caHHH llX CBOHCTB BBOJ].HT noHRmue aKmUBHOcmu KOMnOHeHma paCTBOpa 

a;. '.:ho 6e3pa3MepHa» seJrnqllHa, orrpeJJ.en»eMa» cooTHorneHlleM 

µ; - µ;o 

a;= e RT (2.4.2) 

B Teop11tt peanhHhIX pacTsopos aKTHBHOCTh ttrpaeT TaKyJO )f(e ponb, KaK 

neTyqecTh s Teoptttt peaJihHbix ra3os. B qacTHOCTll, He11J].eanhHOCTh pacTsopa 

rrepeHOCl1TCH Ha K03cpcpm.1,11eHT aKTHBHOCTl1, CBH3aHHhltt e KOHIJ,eHTPaUllett 11 

aKTHBHOCThlO COOTHOilleHHeM 

a; =r;x; . (2.4.3) 

BMeCTO MOJlhHhlX J].OJ!ett MoryT llCITOJlh30BaThCH MOJI»pHhie l1Jll1 MOJ!HJlh

Hhie KOHIJ,eHTpaull11; KOHeqHo, rrpll 3TOM qllcJieHHOe 3HaY.feH11e K03cpcpllI.I,lleHTa 

aKT11BHOCTll ll3MeH»eTC». TaKllM o6pa30M, wrn yqeTa HettJJ.eanhHOCTll Heo6xo

JJ.llMO Bh!Lfl1CJleHlle K03cpcpHUHeHTa aKTHBHOCTll B 3aBllCHMOCTll OT TeMrrepaTy

pbl, KOHIJ,eHTPaUlll1 li JJ.pyrllX rrapaMeTpOB. 

Ilpll cpaBHeHl1ll TepMOJ].HHaMHY.feCKHX CBOHCTB BeIIJ,eCTB Ba)f(eH BhI6op 

ypoBHH OTcqeTa, OTHOCHTeJlhHO KOTOporo orrpeJ].eJIHJOTCH TepMOJJ.llHaMllqecKlle 

cpyHKIJ,HH. B Teoptt11 paCTBOpOB rrp11HHThl HeCKOJlhKO pa3Hh!X CllCTeM OTCLfeTa. 

)J.n» ra30Bh!X pacrnopOB 3a CTaHJ].apTHOe COCTOHHHe rrpllHHMaeTCH COCTOHHHe 

HJ].eanhHoro ra3a rrpll Toì1 )f(e TeMrrepaType li JJ.asne Hlll1, rrp11LieM ero 3HTaJihITl1» 

pasHa 3HTaJih ITlll1 peanhHOro ra3a rrptt P ~ O. )J,M KOHJJ.eHcttposaHHhIX cpeJJ. 

c~eCTsyeT J].Ba OCHOBHhIX crroco6a BhJ6opa CTaHJ].apTHOro COCTOHHHH : 

• LfllCThie KOMITOHeHThl rrpll 3aJ].aHHOÌ1 TeMrrepaType, J].aBJieHllH 1 6ap l1 B 

TOM )f(e arperaTHOM COCTOHHlll1, LITO li pacTBOp; 

• qHCThltt pacrnop1neJih 11 KOMITOHeHThl B 6eCKOHeqHo pa36aBJieHHOM pacrnope. 

113MeHeHtte XllMttqecKoro rroTeHuttana rrptt rrepexoJJ.e OT CTaHJJ.apTHoro 

COCTOHHHH K COCTOHHl1!0 e 3aJ].aHHOH KOHUeHTpaullett paBHO: 

l'lµ; = RT In a; = RT In X;+ RT ln Y; = l'lµi,id + l'lµi ,exc · 

BTopoì1 LIJieH B rrpasoì1 qacTll coorneTcTsyeT m6h1ToqH0My H3MeHeHHJO x11-

M11qecKoro ITOTeHIJ,HaJia B peaJibHOH Cl1CTeMe no cpasHeHHJO e 11J].eaJihHOÌ1. EMy 

COOTBeTCTByeT 1136h!TOqHoe 3HaqeH11e cso60J].HOÌ1 3Hepr1111 peanhHOH CHCTeMhI: 

l'lGexc= L n;l'lµi ,exc=f'.Jf exc-T l'lSexc=liEexc+ Pl'lVexc-T l'lSexc · (2.4.4) 

EcnH BhI6paTh 3a CTaHJJ.apTHOe COCTOHHHe qHCThie KOMITOHeHThl, T. e. 

a;= 1 rrptt x;= 1, TO (2.4.4) JJ.aeT sen11qttHy m6hITOLIHOÌ1 cso601lHOÌ1 3Heprntt 



2.4. <l>a30Bble paBHOBeCl'15l 135 

f1166ca rrp11 CMeweHl111 q11CTbIX KOMIIOHeHTOB e o6pa30BaHl1eM paCTBopa no 

cpaBHeHl1!0 CO CMeweHl1eM 11JJ;eaJibHb!X pacTBOpOB. 

PacTBOpbl, AfUI KOTOpbIX Mexc :t:O, LìVexc =0, LìSexc =0, Ha3bIBalOTC51 pezy

!lRpHblMU . Ecn11 )!(e Mexc = O, LìV exc :;t: O, LìSexc :;t: O, TO paCTBop Ha3bIBaeTC51 

amepMa.rtbflbtM. Csoì1cTBa 3Tl1X JJ;Byx rpyrrrr paCTBOpoB He3JieKTpOJil1TOB JJ;O

BOJibHO xoporno yJJ;aeTCH paccq11TbIBaTb Ha OCHOBe MOJJ;eJibHbIX npeJJ;CTaBJieHl1H, 

B qaCTHOCTl1, 11Cll0Jlb3Y51 peweToqHbie TeOp11H paCTBOpOB. 

3aKOHbI reHpH H Pay.iu1 

3aKOHbl reHp11 11 PayJI51, CB513bIBalOLUHe JJ;aBJieHl151 napoB pacTBopeHHOro 

semecTBa 11 paCTBOp11TeJI51 e KOHUeHrpau11eii: paCTBopa, 6bIJIH ycTaHOBJieHbl 

3KCrrepHMeHTaJibHO, HO MOrYT 6b!Tb 11erKO rro11yqeHbl H3 ycJIOBHH TepMOJJ;HHa

M11qecKoro paBHOBeCH51. 

PacCMOTPHM L\Byxcpa3HYIO CHCTeMy, COCT051IUYIO H3 )f(H)J;KOro paCTBOpa H 

napa, rrpttqeM BCe KOMIIOHeHTbl Cl1CTeMbl paBHOBeCHO pacrrpeJJ;eJieHbl Me)!(JJ;y 

::lTHMH JJ;BYM51 cpa3aMH. Ycnos11e pasttosecttoro pacrrpeJJ;eJieHtt51: µli = Jlvi, rJJ;e 

HHJJ;eKc l o6o3Ha%eT cpa3y pacTBopa, HHJJ;eKc v - cpa3y rrapa, HHJJ;eKc i - rro

p51JJ;KOBbIH HOMep KOMIIOHeHTa Cl1CTeMbl. TorJJ;a 

µH (T, P) + RTln ai =µ~i (T) + RTln f; , 

rJJ;e a; tt f; - aKTHBHOCTh KOMIIOHeHTa B pacTsope 11 11eTyqecTb B nape. C11eJJ;o

saTeJibHO, 

In ( f; J = µH - µ~i ' 
ai RT 

o o 
µli - µ 1·i 

f; =e----;n:- =Ki(T,P). 
ai 

TaKHM o6pa30M, 11eryqeCTb Ka)!(JJ;Oro KOMllOHeHTa nptt IIOCT051HHbIX JJ;aB

JieHJ.rn H TeMnepaType rrporropQHOHaJibHa ero aKTHBHOCTH B paCTBOpe: 

f; = Ki (T,P)ai. (2.4.4a) 

3ttaqetttte K; Mano MemreTC51 e JJ;aBJieH11eM, nocKOJihKY 

(alnKi) =-1 [aµHJ 
8P Ta RT 8P , T 

o 
3:__ 
RT' 

( ) ~ o ~ 
rJJ;e a = ai,a2, ... , ac - CllHCOK aKTHBHOCTett KOMllOHeHTOB, vi - MOJ!bHbll1 

06beM qlfCTOro KOMllOHeHTa. Ilo3TOMY OTHOCHTeJibHOe H3MeHeHHe K; npH He-

60JibillHX H3MeHeHH51X JJ;aBJieHH51 paBHO 

L'.ÌK · vo 
__ 1 =-1-t,..p. 
Ki RT 
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IlocKOJibK)' rrp11 o6wrHhIX TeMneparypax, Harrp11Mep rrptt 300 K, RT::::: 2, 5·103 

.[()!(" MOJib - I , a MOJibHblH o6beM o6hllfHO MHOro MeHbUie 10-3 
M

3
' TO Ko:icj:>qmu11-

eHT nepe.n l1P OlfeHb Man. 

B npe,neJibHOM c11y4ae CHJibHO pa36a011eHHhIX pacTBopos a; ~X;, J; ~ P; , 
IlO:lTOMY 

P; = K;X; . (2.4.46) 

::ho 3GKOH TeHpu. Be11111.fttHa K; Ha3brnaeTcl! nocTOl!HHOtt feHptt, xorn 

06bilfHO OHa H He nOCTOl!HHa. Ec1111 )KH.[IKal! cj:>a3a COCTOHT TOJibKO H3 paCTBOpH-

TeJil! (i= I), To x 1 = 1, f! = f!o H, CJie,nosaTeJibHO, K 1 = Pr.0 . B JTOM CJIY1.fae 

Pi = Pi.o x, = Pi.o ( 1- x) , 

e 
r.ne x = Ix; - CYMMapHaH KOHUeHTpauttH pacTBopeHHbIX semecTB. ::ho co

i=2 
OTHOUieH11e, 1130ecTHoe KaK 3aKoH Pay11J1, 06h11.fHO 3anttCb1BafOT B cne.nymmeM 

011.ne: 

o 
f! -Pi 

Pio 
=x. 

3aKOHbI feHp11 11 Paym1 BbinOJIHHfOTCH TOJibKO .QJill 11.neaJihHhIX pacTsopoB 

11 ra30B. B peaJibHbIX CHCTeMax Ha6JifO.QafOTCll 3HalfHTeJTbHble OTKJTOHeHHll OT 

)Tl1X 3aKOHOB, no KOTOpbIM MO)KHO onpe,neJIHTb K03cj:>cj:>11u11eHTbI aKTHBHOCTH H 

JTeTyqecTH KOMilOHeHTOB. 

ÙCMOC 

OcMoc - O.QHO H3 KoJU1u2amueHblX (3aBHCllIUHX TOJTbKO OT KOJIHlfeCTBa 

pacTsopeHHoro semecrna, HO He oT ero npwpo,nb1) csoì1cTB pacrnopos. OH co

CTOHT B caMonpOH3BOJibHOM nepeHOCe semeCTBa 4epe3 nonynpOHHI..{aeMym 

MeM6paHy, pa3,l(eJlllfOI.l.IYfO .nsa pacTBopa pa3HOH KOHUeHTpaUHH. 

06brlfHO pe4h w,neT o nepeHoce pacrnopwTeJil! (KoMnoHeHT I) 4epe3 MeM-

6paHy, He nponycKaI-OmyIO paCTBOpeHHOe semecTBO (KOMilOHeHT 2). IloCKOJibKY 

XHMHLJeCKHH noTeHuHaJT pacTBOpHTeJil! 3aBHCHT OT KOHueHTpau11H, .nasJieHHll H 

TeMnepaTyphI, TO .QJTH npe,noTBpameHttll nepeHoca pacTBopwTeJil! B pacTBop 

np11 nOCTOl!HHOH TeMnepaType K nocJie.QHeMy Ha.no npHJIO)KHTb .nonOJIHHTeJibHOe 

,l(aBJTeH11e, KOTOpoe Ha3bIBaeTCll OCMOmU'leCKUM iJaeJZeHUeM. IlyCTb JIJill onpe

,neJieHHOCTH MeHee KOHUeHTpttposaHHhitt pacTsop 3aHHMaeT OTCeK I, a pacTsop e 

6011ee Bb!COKOH KOHueHTpauweì1 - OTCeK 2; KOHI..{eHTPauHH H .npyrne BeJIHlfHHbI 

6)',l\eM o603HalfaTb HH.QeKCOM ij, r.ne i - HOMep OTCeKa, j - HOMep KOMilOHeHTa. 

B COCTOl!HHH paBHOBeCHll XHMHLJeCKHH noTeHI..{HaJI paCTBOpHTeJill B o6owx OTCe-
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Kax o.mrnaKOB: µI I = µ21 . Ha.no yqeCTh, l.JTO B OTCeKe 1 KOHl.(eHTj)aI.(IDI paCTBO

p11TeIDI BbJUie, T.JeM B OTCeKe 2 (x, I> X21), a B OTCeKe 2 .11;aBJJeH11e 60JlbUie, T.JeM B 

oTceKe 1 (P2 > P 1). B np116nm1<eH1111 11.11;eanhHOCT11 pacTsopos HMeeM: 

µ11 =µi°(T ,Pi)+RT!nx11. 

µ21 = µp (T ,P2)+RTlnx21 , 

( aµ21) = V21, 
ap T ,x21 

(2.4.5) 

(2.4.6) 

(2.4.7) 

r.ne V21 - napl.(HaJlbHb!H MOJlbHb!H o6beM paCTBOpHTem1 B pacTBOpe. )J,m1 11.ne

aJlhHOro paCTBOpa 

o - 8µ1 , 
( OJ V2 1 =vi - ap T (2.4.8) 

r.ne vP - napu11aJJhHhIH MOJlhHhIH o6beM T.JHCToro pacTsop11Tem1. ITocKOJlhKY 

Xl1Ml1T.JeCKl1H noTeHl.(J.faJl pacTeT e poCTOM .nasneHH51 J.f KOHl.(eH-rpal.(HJ.f , 113 

(2.4.5) 11 (2.4.6) cne.nyeT, T.JTO µ 11 (T, P, , x 11 ) > µ 21(T, P,, x21) , 11 pacrnop11Tenh 

.nomKeH nepexo.11;11Th 113 1 B 2, noKa 113MeHeH11e .nasneHH51 OT P1 .no P2 He CKOM

neHc11pyeT pa3HOCTH x11Mw1ecK11x noTeHl.(HMOB. P a3HOCTh .11;aBJJett11ì1 Il = P2 -1] 
npe.ncTaBJl51eT co6oi1 OCMOTH<JecKoe .11;asneH11e. I1HTerp11py51 nocne.nttee ypaB

HeH11e B (2.4.8) OT P1 .no P2, nonyq11M: 

Pz 

µp ( P2 ) - µp (Pi ) = f vP dP . (2.4.9) 

Pi 

06hll.JHO C)!(J.fMaeMOCTb pacTBOpOB HeBeJlJ.fKa, 11 3aBl1Cl1MOCTbfO vP OT .naB

J1 emrn MO:iI<HO npette6pe4b. Tor .na J.f3 (2.4.9) nonyqaeM npocrne cooTHoweH11e 

µp ( P2 ) - µp (Pi ) = vP ( P2 - Pi ) = Il vP · (2.4.10) 

ITp11paBH11Ba5! x11M11T.JeCK11e nOTeHl.(11anh1 (2.4.5) II (2.4.6) e yqeToM 

(2 .4.10), nonyq11M: 

Ilvi° =RTln(~) . 
XzJ 

(2.4.11) 

E cn11 B OTceKe I Haxo.11;11TC5i T.JIICThIH pacT0op11Tenh, T. e. x 11 = 1, TO 

o Ilv1 = -RTlnx21 . (2.4.12) 
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IloJJyqettHoe ypasttem1e Ha3hrnaeTCH ypasttem-1eM Batt-Jlaapa. ,[(aJJhHeìi

urne yrrpomemrn B03M0)1(Hhl .[(JJH CIIJlhHO pa36asJJeHHhlX paCTBOpOB, T. e. rrptt 

x22<<1. B 3TOM CJJyqae 

lnx21 =in(l-x22)"'-X22 = nz2 "' 
nz1 + nz2 

n12 

nz1 

06beM pacTBopa B oTceKe 2 rrpH.Meptto paseH o6beMy pacTBopttTeJJH: 

o o o 
Vz = nz 1 V1 + nz2 vz "' nz 1 V1 . Il03TOMY .[(JJH OCMOTWieCKOro .n:asJJeHirn lI3 (2.4.12) 

IIMeeM: 

Il= - R~ lnx21 "'RTnzg "'RTn22 = RTc22 . 
v1 n21 v1 V 

OrrycKaH IIH.D:eKChI, rroJJyqaeM msecTHOe ypasHeHtte BaHT-focpcpa: 

TI=RTc, (2.4. l 3a) 

KOTOpoe cosrra.n:aeT e ypasHeHtteM l\1ett.n:eJJeesa~.KJJarreìipotta .[(JUI tt.n:eaJJhHoro 

ra3a. 0.n:HaKO 3TO cpopMaJJhHOe COBila.[(eHtte He HBJJHeTCH OCHOBaHtteM .[(JUI rrepeHO

ca MO.[(eJJhHhIX rrpe.n:crnBJJeHIIH e II.[(eaJJhHOro ra3a Ha II.[(eaJJhHhIH paCTBOp. 

,[(JJH paCTBOpOB 3JJeKTPOJJHTOB Heo6XO.[(HMO yqeCTh .[(HCCOUHaumo, rrpHBO

MUJ;YIO K yseJJw1eHHIO KOHUeHTpautttt 'laCTHU B pacTsope. B CJJyqae pa36as

JJeHHhIX pacTsopos MO)l(HO ttCITOJJh30BaTh H30TOHH'lecKttìi K03cpcpttutteHT BaHT

focpcpa (2.4.0): 

TI =iRTc. (2.4.136) 

IIpaBIUIO cpa3 nf66ca 
PacCMOTPHM paBHOBeCHYIO CHCTeMy, COCTOHUJ;YIQ II3 e KOMilOHeHTOB, pac

rrpe.n:eJJeHHhIX Me)l(.n:y p cpa3aMH. XHMH'leCKIIH IlOTeHuHaJJ Ka)l(,[(Oro KOMilOHeH

Ta B Ka)l(.[(OH cpa3e rrpttHIIMaeT 0.[(HO II TO )!(e 3Ha'leHHe (sepxHIIH IIH.[(eKC COOT

BeTCTByeT HOMepy cpa3hl): 

(1) - (2) - - (p) . -µ; - µ; - ... - µi , 1 - 1, 2, .. ., e . (2.4.14) 

IlyCTh COCTOHHHe CHCTeMhl orrpe.n:eJJHeTCH n BHeIIIHHMH rrapaMeTPaMII 

(TeMrrepaTypa, .n:aBJJeHtte, HarrpH)l(eHHOCTh 3JJeKTptt'1eCKOro IIOJJH H T. rr.). ,[(JJH 

OilHCaHHH CHCTeMhl Ha.[(O; KpoMe Toro, 3a,[(aTh KOHUeHTpaUHH KOMIIOHeHTOB B 

Ka)l(.[(OH cpa3e. B .n:aHHOM cJJyqae KOHUeHTpautttt y.n:o6HO Bhipa3HTh KaK MOJlh

Hhie .[(OJJH KOMIIOHeHTOB (x;). Tor.n:a .[(JJH IIOJJHOro OIIIICaHHH CHCTeMhl Heo6xo

.[(HMO n +pc BeJJtt'lttH, .n:m orrpe.n:eJJeHttH KOTOphrx ttMeIOTCH c(p - I) ypaBHe

Htttt (2.4.14) H, KpOMe TOro,p ypaBHeHHH BH.[(a 

e (r) - -LX; - 1, r - I, 2 .. ., p · 
i=I 
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Cne.uosaTeJihHO, .un.si onpe.uenett1rn n +pc semf'urn HMeeTc.si c(p - I) + p 
ypastteHHH. ECJIH 'lHCJIO ypasttem1ì1 npeBhlIUaeT 'lHCJIO nepeMeHHhIX, TO CHCTe

Ma ypaBHeHHH peweHH.H He HMeeT, H CHCTeMa e TaKHM 'lHCJIOM KOMnOHeHTOB H 

cpa3 cymeCTBOBaTh He MO)!(eT. 1'I36h!TOK 'lHCJia nepeMeHHhlX Ha)l 'lHCJIOM ypasHe

HHH Ha3hIBaeTC.H 'lHCJIOM TepMO)lHHaMH'leCKHX CTenetteì1 cso60)lhl CHCTeMhl (f): 

f = ( n + pc)- [ p + c ( p -1) J = c - p + n . (2.4.15) 

IIonyqettHOe COOTHOilleHHe Ha3hIBaeTC.H npaBHJIOM cpa3 f1166ca. 

IIpaBHJIO cpa3 npHMeHHMO TOJihKO K paBHOBeCHhlM CHCTeMaM (T. e. CHCTeMaM, 

HaXO)l.H!llHMC.H B COCTO.HHHH ycrowmsoro pasttosecH.H). YcTOH'lHBOCTh cpa3hl MO)!(eT 

H3MeH.HThC.H npH H3MeHeHH.HX BHeillHHX napaMeTpOB CHCTeMhI. EcnH B HeKOTOpoì1 

o6nacTH 3Ha'leHHH napaMeTpOB (TeMnepaTyphl, )laBJieHH.H H T. )l.) B npHCyTCTBHH 

,Upyr11x cpa3 :noro )!(e semecrna cpa3a tte TepHeT ycroì1'l11socT11, T. e. tte npo11cxo

)lHT KaKOH-JIH6o cpa30Bh!H nepexo)l, TO OHa Ha3h!BaeTC51 CTa6HJihHOH B 3TOH o6nac

TH 3Ha'JeHHH napaMerpoB. IlpHMepOM CTa6HJihHOH cpa3hl MO)!(eT CJI~HTh )!(H)lKa.H 

BO)la npH aTMOCcpepHOM )laBJieHHH H TeMneparypax OT 273 )lO 373 K. 
0.uHaKO Moryr cymeCTBOBaTh o6naCTH 3Ha'leHHH napaMeTpOB, npH KOTOph!X 

caMa no ce6e 'lHCTaH cpa3a ycTOH'lHBa, HO OHa repHeT ycTOH'lHBOCTh (npeTepne

saeT cpa30BhlH nepexo,U) B npHCyTCTBHH ,llpyroì1, CTa6HJihHOH B 3TOH o6nacrn 3Ha

<1eHHH napaMerpos cocTOHHH.H cpa3bI (3arpasKH) roro )!(e semecrsa. B 3TOM cny

•rne cpa3a Ha3hIBaeTcH Memacma6UJ1b11ou . IlpttMepoM MeTacra6HJihHOÌ1 cpa3hI np11 

aTMoccpepHOM )laBJieHHH MO)!(eT CJIY)!(HTh neperpernH (,Uo TeMneparyphr Bh1rne 

373 K) HJIH nepeoxna)!()leHHM (,Uo reMnepaTyphI HH)!(e 273 K) so,Ua: noHBJie1-111e 

KpHCTaJIJIHKa Jlh)la HJIH ny3hlphKa napa npHBO)lHT K 83phIB006pa3HOMY H3MeHeHHJ-0 

COCTOHHH.H BO)lbl e o6pa30BaHHeM crn6HJJbHOH cpa3hl. IIeperpeThlX KpHCTaJIJIH'le

CKHX cpa3 He 6hIBaeT, HO MeTacTa6HJihHbie rnep)lble COCTOHHH.H BCrpe'laJ-OTC.H. Ee

n oe onoso (MeTacTa611JibHM cpa3a) s o6hI'lHhIX ycnosH.Hx MO)!(eT coxpaH.HThC.H 6e3 

H3MeHeHHH O'leHh )lJIHTeJibHOe speM.H, O)lHaKO np11 KOHTaKTe e ceph!M OJIOBOM 

(cra6HJihHM cpa3a) sce OJIOBO 6hrcrpo nepeXO)lHT B CTa611JibHOe COCTOHHHe. 

,IJ:mp<I:>epem.1;1HUibHoe ypaBHem1e Batt-.[(ep-Baanbca 

Dp11 caMonpo113soJibHOM 06pa3osaH1111 ttosoì1 cpa3hr cso6o,UHa.si :rneprHH 

j.t CTeMbr YMeHbruaeTCH. Ilocne )lOCTH)!(eHHH pasttosec11.si MO)!(HO onpe,UeJIHTh, 

KU KHe H3MeHeHI151 TepMO)lHHaMH'leCKHX napaMeTpOB conpOBO)!()laJ-OT 06pa30-

11a11tte ttosoì1 cpa3hl. 3T11 H3MeHeHH.H tte npo113BOJibHhI. 

PaccMoTpHM 611ttapHyJ-O ,Usyxcpa3HYJ-O c11cTeMy. L(n.si Ka)!()lOH cpa3hI, B pas-

110 13e o111 11Me1-0meì1 nocTOHHHhiì1 o6oeM 11 cocTaB, MO)!(eM 3an11caTb ypasttett11e 

I 'H66ca- j:(J-OreMa: 

5(P)dT-V(p)dP + n[P)dµ1 + n~p) dµ2 = 0 . (2.4.16) 
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EcnH MO)!(eT Mem!ThCJI COCTaB <jla3hl, HO He ee o6beM, TO n, + nz = N, OT

Ky.na, o6o3Ha'IHB n = ni, nonY'JHM: dn = dn 1 = -dn2• 

TipH noCTOJIHHbIX .nasneHHH H TeMnepaType .[(Jlll cso6o,nHOH :rneprHH 

rtt66ca MO)!(eM 3am1caTh: 

OTKy,na 

dGr,P = I(òGJ dni =µ1dn1 +µ2dn2 =(µ1- µ2)dn , 
i Òni T,P 

( ac ) = µ 1 - µ1 · 
8n T,P 

YpasHem1e (2.4.16) MO)!(HO Tenepb rrepem1caTh s stt.ne 

5(P)dT-V(p)dP+n(p)d( 80 ) +Ndµ2 = 0. 
8n T,P 

3anttcas 3TO ypasHeHtte cHa1rnna ,nnll BTopoì1 <jla3bI, a noTOM ,nnll nepsoì1 H 

Bhl'ITJI nonyYeHHble ypaBHemrn 110'IJ1eHHO .npyr 113 .npyra, IlOJlyYHM ypasHeHHe 

BaH-.nep-Baanhca: 

l'l12SdT-l'l12VdP+l'l12nd(
80

) =0, 
8n T,P 

(2.4.17) 

r.ne tlijS = S(j) - S(i), tlij V= v<J) - V(i), tlijn = n(j) - n(i) . Pa3,nen11s o6e qac

TH 3TOro ypasHeHHH Ha IlOJlHOe 'IHCJlO MOneH: BellleCTBa B CHCTeMe, 110J1Y'JHM 

ypaBHeHHe .[(JlH cpe,nHHX MOJlbHblX BeJlH'IHH: 

- - (òGJ t:. 12SdT-t:.12VdP+t:.12xd - = 0 , 
Òx T,P 

(2.4.18) 

r.ne X - MOJlbHall .1l0Jl51 nepsoro KOMilOHeHTa. Tip0113BO.[(Ha51 B neBOH qacTH 

ypasHeHHll 3asttc11T OT T, P H x, no3TOMY 

d( ~;) = [ :P( ~; ) ]dP+[ a~ (~;)]dr+[!( ~;)]dx. 
MeHIDI rropll.1lOK ,ntt<jl<jlepeHUHposaHHll s rrepBhIX .nsyx qneHax H yYHThI-

ac - ac -( -) ( -) BaH, 'ITO ap =V, aT = -S, H3 (2.4.18) 110J1Y'JHM OKOH'IaTeJlbHO: 
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[ ~12s -( !~J~12x ]dr-[ ~12v -( ~J~12x JdP+~12x( ::~) dx= o. 
T,P 

(2.4.19) 

IlOJI)"-leHHOe ypaBHem1e 06h!'-IHO H Ha3hJBaeTCll òuqxjJepeHIJUG!lbHblM 
ypaeHeHue.M Ban-òep-Baa.nbca . B HeM MOJibHhie .nomi, cpe.nHHe MOJihHhie 3H

rponttl!, 06beM H cso6o.nHal! 3HeprHll fH66ca OTHOCl!TCll KO sedi CHCTeMe . l.J:a

CTHbie npOH3BO.[\HbJe .[\QJI)l(Hhl BhJqHCJil!TbCll OTHOCHTeJibHO K3KOH-Jrn6o O.D;HOH 

<Pa3hl. 

YpasHem1e KnarreìipoHa-Knaymyca 

B OLIHOKOMnoHeHTHOH CHCTeMe ~12x =O, no3TOMY ypasHeHHe (2.4.19) 

ynpomaeTcl!: 

dP ~12S 
-=---. 
dT ~12 V 

(2.4.20) 

3To ypasttetttte H33hrnaeTCll ypae1-1eHue.M Kaneiipm1a- K ;zay3uyca H Hrpa

eT B3)1(HYIO pOJih npH paCCMOrpeHHH <Pa30Bh!X paBHOBeCHH 0.[\HOKOMnoHeHT

Hh!X CHCTeM. YpasHeHHe (2.4.20) qacTO 3anHChlB3!0T B 3 KBHBaJieHTHOM BH.[\e: 

dP L 
dT = T~12V' 

(2.4.21) 

r.ne L - MOJihHall CKphITall TennoTa nepexo.na (nnasneHHll mm HcnapeHHll), T
TeMnepaTypa cpa3osoro nepexo.na. EcnH paccMaTpHsaeTCll pasHosecHe Me)l(.ny 

ra3oo6pa3HOH H KOH.[\eHCHpOB3HHOH <Pa3aMH H ra30B3ll cpa3a onHChIBaeTCl! 

ypasHeHHeM MeH.neneesa- K.nandipoHa, TO MO)l(HO socnOJih30BaThCll cne.ny10-

ll(HM npH6JIH)l(eHHeM: 

dP L L L PL 

T(Vz -Vi)"" TVz = RT2 ' 
(2.4.22) 

dT T~12V 

HJIH 

dlnP L 

---;;[ = RT2 ' 

r.ne P 11 T - .nasneHHe H TeMnepaTypa B CHCTeMe nptt cpa3oBOM pasHosec1111. 

3To ypastteHHe no3BOJil!eT paccqHrnTh, HanpHMep, .nasnem1e HaChill(eHHOro 

napa )l(H.[\KOCTH np11 pa3Hh1X TeMnepaTypax, eCJIH l13BeCTHhl COOTBeTCTBY!Oll(He 

TennoThI nepexo.nos, HJIH, Hao6opoT, no JaBHCHMOCTH .nasneHHl! HaChill(eHHoro 

napa paccqHT3Th 3HT3JihnHIO HcnapeHHll HJIH cy6n11MaUHH. 
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<Pa30Bbie rrepexo,n:bI 

IlpH H3MeHeHIDIX BHeUJHHX napaMe-rpOB B rereporeHHOH CHCTeMe npOHCXO

JlHT H3MeHeHHe COCTaBa, o6beMa, Macc cpa3. Moryr o6pa30BbJBaTbC5! HOBbie cpa3bl, 

a cymeCTBYJOIUHe MOryr HC'-le3Hyrb. flepeHOC semecTBa Me)J()ly cpa3aMH Ha3bJBa

IOT cpa30BblM nepexO)lOM, HJIH 113MeHeHl1eM cpa30BOro COCT05!HIDI Cl1CTeMbl. 

<l>a30Bble nepeXO;Ubl BeCbMa pa3H006pa3Hhl. 06mel13BeCTHbl nepeXO)lbl, 

CB5!3aHHbie e H3MeHeHl1eM arperaTHOro COCT05!HH51 Be1UeCTBa, TaK11e KaK Kl1IleHHe 

BOJlbI, 3aMep3aHtte BOJlhI 11 T. Jl. TaKtte nepexOJlbI npottcXOMT np11 onpeneIIeHHbIX 

3Ha'-leHH51X napaMerpos cocT05!Hl15! 11 CB5!3aHbI e nornomeHHeM 11JI11 BbI.D,eJie1-meM 

:mepr1111 H conpOB0)J()lalOTC5! CKa'-IK006pa3HblM H3MeHeHHeM TaKHX CBOHCTB, KaK 

TenJIOeMKOCTb, C)J(l1MaeMOCTb, HaMarHH'-leHHOCTb, IlJIOTHOCTb H T. )l . 

.ll:JI5! cpa30BblX nepeXO)lOB, CB5!3aHHblX e 113MeHeH11eM arperaTHOro COCT05!-

HH5! , np11HHTbl CJie.D,YJOIUHe cneu11aJibHble Ha3BaHH5! : 

• ra3 ---> )J(H.ll,KOCTb, ra3 ---> TBep):(Oe Be1UeCTBO - KOH.D,eHcau1151; 

• )1(11.ll,KOCTb ---> ra3 - HCnapeHtte; 

• TBepnoe Be1Uecrno ---> ra3 - cy6IIttMau1151; 

• )J(l1)lKOCTb---> TBep)loe semecTBO - 3aMep3aH11e, KpHCTaJIJil13aU115!; 

• TBep.11,oe Be1UeCTBO ---> )1(11.ll,KOCTb - nJiaBJieHHe. 

<Pa30Bble nepeXO):(hl MOryr 6bITb 11 HenpepblBHb!MH, He conpOBO)J()lalOil.\11 -

MHC5! CKa'-IKOo6pa3HblM H3MeHeHHeM YKa3aHHblX BbIWe CBOHCTB HJll1 np011CXOM

IUl1Ml1 B HeKOTOpOM )lHana30He 3Ha'-leHl1H napaMe-rpOB COCT05!HIDI (Hanp11Mep, 

nJiaBJieHHe BOCKa). Ilptt noCT05!HHOM .D,aBJieHl111 cpa3a, CTa6HJibHa51 np11 6oJiee Bbl

COKOH TeMneparype, Ha3bJBaeTC5! BbICOKOTeMneparypHOH, a cpa3a, CTa611JibHa51 npH 

6oJiee Hl13KOH TeMneparype, - Hl13KOTeMneparypHOH cpa30H Be1UeCTBa. 

Ilo onpe)leJieH1110 3peHcpecra, cpa30BbIMH nepexonaM11 I po):(a Ha3bIBalOTC5! 

paBHOBeCHb!e cpa30Bble nepeXO)lbl, npH KOTOpblX nepBbJe npOH3BO)lHbie OT CB0-

60)lHOH 3Heprntt f1166ca no nasJieHHIO 11 reMneparype 11Met0T pa3pbIB nepsoro 

pona, T. e . 113MeHHIOTC5! CKa'-IKOM. Bropble npOH3BO)lHbie TO)J(e MOryr HMeTb np11 

3TOM pa3pbrn, Ho He o65!3areJibHO . flocKOJibKY S = - (
8G) , V= (aG) , ro 

. Mp &r 
11 3 HTpon115!, 11 o6beM cttcTeMbI nptt cpa30BOM nepexone I pona H3MeHHIOTC5! 

cKa'-IKOM . Pa3pbIB nepsoro pona o6ycJIOBJieH TeM, '-ITO xorn G(P,T) - Henpe

pbIBHa5! cpyHKUH5! CBOHX apryMeHTOB, HO 3aBHCl1MOCTb CB060)lHOH 3Hepr1111 OT 

.11,asneHH5! H reMnepaTyphr pa3Ha5! JlJI5! pa3HhIX cpa3. 

Ilp11 cpa30BbIX nepexo.11,ax II po):(a pa3pbIB 11Me10T TOJibKO BTOpbie npott3-

BOJlHbie CB060)lHOH 3HeprHH no BHyrpeHHHM napaMeTpaM. 3TO 03Ha'-laeT, '-ITO 

cKa'-IKOM H3MeHHIOTC5! renJioeMKOCTb ( Cp), K03cpcp11u11eHT o6beMHOro pacurn

peHH51(ap)11 C)J(l1MaeMOCTb (Kr): 

[
a2G) 

Cp=-T ar2 P 1[82G) 1[82G) 
ap = V 8T8P ' Kr = - V ap2 T 
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B cnyqae <f>a30BhIX rrepexo.uos II po.ua B03Hl1KHosettHe MeTacra611Jib

HhIX COCTOHHl1H HeB03MOlKHO, 11 KalK):laH <f>a3a, yqacTBYIOLUaH B rrepexo.ue, 

cymecTByeT TOJlbKO B onpe.ueJJeHHOH o6JJaCTH TeMrreparyp H .uasJJeHHH. Ilp11 

<f>a30BhIX nepexo.uax I po.ua O.llHO cocTOHH11e 6oJJee ycroì1q11so, '!eM .upyroe, 

a npH <f>a30BblX nepexo,11ax II po.ua O.UHO H3 COCTOHHl1H CTaHOBHTCH HeycTOH-

411Bb!M. 

Ypasttem1e (2.4.20) K <f>a30BhIM nepexo.uaM BToporo po.ua ttenpHMeHHMO 

( ti12S =O, ti 1 ifi~ =O). 0.UttaKo, pacKpbIBa» tteorrpe.ueJJeHHOCTh B npasoì1 '!aCTH 

:noro ypastteHHH IIO rrpaBHJlY JlorrHTaJJH, MO)l<HO IIOJlYlJl1Tb ypastteHl1H 3peH

<f>ecra, KOTOpb1e BhIIIOJJHHIOTCH npH <f>a3osh1x nepexo.uax sroporo po.ua: 

dP _ ti12 Cp dP 

dT - T0ti12 ( apV)' dT 

ti12 ( apv) 
1'112 (KrV) ' 

r.ue T0, ap, Kr - TeMnepaTypa <f>a3osoro rrepexo.ua, Ko::i<f><f>m.(11eHT o6beMttoro 

pacumpett11» 11 113orepMw1ecKa» ClKl1MaeMOCTh coorseTCTBeHHO. CosMecrttoe 

pewett11e 3Tl1X ypasHeHl1H rrp11BO.UHT K CBH3H MelK.UY rrapaMeTpaMH Cl1CTeMbl 

rrpH cpa30BhIX rrepexo.uax II po,11a: 

l'112Cpl'112 ( KTV)-To [ 1'12 ( apv) J2 =o. 

0.n;HOKOMTIOHeHTHhie CMCTeMhI 

B 11.ueaJJbHOM ra3e cpa30BhIX rrepexo,11os HeT. Ho ~e s ra3e Batt-,11ep

BaaJibca TaKHe nepexO.llhI B03MOlKHhI. )l,JJ» raJa Batt-.uep-BaaJJbca xapaKTeptta 

Ky6114ecKaH 3aBHCHMOCTb ,11asJJeHl1H OT o6beMa rrp11 IIOCTOHHHOH TeMrrepaTy

pe, II03TOMy IIpH HeKOTOpoH. TeMrrepaType, Ha3bJBaeMOH Kpumu'leCKOÙ, Ha 

(8P) (a2pJ 113oTepMe B03Hl1KaeT ToqKa neper116a, s KOTopoH. - = O, - -
2 

= O . 
. av r av r 

Ilp11 TeMrreparypax BhIIIIe Kp11r11qecKoì1 ra3 Batt-.uep-BaaJJbca se.uer ce6H KaK 

11.ueaJibHblH ra3. IlpH TeMrreparypax Hl1lKe KpHTl14eCKOH Ha H30TepMe IIOHBJJHeT-

CH YlJaCTOK, Ha KOTOpOM ( ap) > o , tfTO HeB03MOlKHO ,!IJlH peaJlbHOrO ra3a. 
av r 

Ha caMOM .ueJJe rrpH TeMneparypax HHlKe Kp11r11qecKoìi rrpH ClKaTHH peaJJbHO

ro ra3a npo11CXO):IHT cpa30BblH nepexo,11 ra3 - lKH):IKOCTb, II03TOMY H30TepMbl 

BaH-.uep-BaaJJhca s o6JJacTH neper116a 3aMeHHIOTCH orpe3KaMH np»MhIX, co

orsercrsy10m11x H3o6apaM H y,11osJJeTsop»IOLUl1X npasHJJY MaKcseJJJJa: IIJJO

ma,1111 .usyx cerMeHTOB MelKAY orpe3KOM H H30TepMOH ):IOJllKHhl 6b!Tb paBHbl 

.upyr .upyry. 
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Haxo:>K,UeH11e Kpl1T11qeCKl1X napaMeTpOB COCTOHHl1H He npe):ICTaBJU!eT rpy,ua, 

ecn11 113secTHO ypasHeH11e cocTOHHl1H. TaK, ):IJIH raJa Batt-t:1ep-Baanhca Kp11T11-

qecK11e napaMeTphI (Pc, Te , ~) 11Me10T cnet:1y10m11e 3HaqeH11H: 

Pc== _a 
27b 2 Te== 8a 27 bR , ve == 3b. 

PV 
Ilp11 3TOM <t>aKTOp C)!(l1MaeMOCTl1 n e == __f_f._ B Kp11T11qeCKOH TOqKe paBeH 

RTC 

0,3 75. )J,JIH 6oJihllll1HCTBa ra300 ne HaXO):ll1TCH B t:111anaJOHe O, 1- 0,3 , n03TOMY 

ypaBHeH11e Batt-t:1ep-Baanhca He oYeHh xopolllo on11Ch1BaeT peaJihHhie raJhI. 

)J,JIH ypaBHeHl1H )J,11Tep11411 ne== 0,27, 11 COOTBeTCTBl1e 3KCnep11MeHTaJihHhlM 

.naHHhIM B 3TOM cnyqae ropa3AO nyqllle. 

Ecn11 11CnOJih30BaTb napaMeTphl COCTOHHl1H, HOpM11poBaHHb!e Ha 11X 3Ha

qeHJ1H B Kp11T11qecKOH TOYKe, TaK Ha3hIBaeMbJe np11Be):leHHhie t:1aBJJeH11e, TeM

nepaTypy 11 o6beM, TO MO)!(HO nOJJyYl1Th ypaBHeH11e COCTOHHl1H, He 3aBl1CHll.(ee 

OT csoìfcTB 11Ht:111s11t:1yaJJbHOro semecTBa. TaK11e ytt11sepcaJJhHhie ypastteH11H 

COCTOHHHH ):10JJ)!(Hhl BhinOJJHHThCH .L(JJH mo6bIX ra30B. 3TO o6cTOHTeJibCTBO no

CJJ~l1JJO OCHOBaH11eM .L(JUI qiopMyJJ11poBaHl1H Teop eMhl o COOTBeTCTBeHHh!X co

CTOHHirnx: semecTBa e 0):111HaKOBbIM11 np11Be):leHHh!Ml1 napaMerpaMl1 COCTOHHl1H 

se.nyr ce6H ot:111HaKOBO. 3Kcnep11MeHTaJJbHaH nposepKa noKaJaJJa, qTo 3Ta Teo

peMa B o6meM CJJyqae He BbinOJJHHeTCH . 

3aBl1Cl1MOCTh MOJJHpHoro o6beMa OT TeMnepaTypbl 11 ):laBJJeHHH ):IJJH KaKO

ro-H116y.nh semecrna Ha3bIBaeTCH TpexMepHOH .n11arpaMMOH COCTOHHHH . Teope

T11qecK11 ee MO)!(HO 6hIJJO 6hl nocTp011Th, eCJJl1 6hI 6bIJJO 113BeCTHO ypaBHeH11e 

cocTOHHl1H 3Toro semecTBa. Ot:1HaKo TaK11x ypasHeH11ìf, KaK npas11JJ0, tteT. ITo-

3TOMY .n11arpaMMbl COCTOHHl1H crpOHT Ha OCHOBaHl111 3KCnep11MeHTaJJhHhIX ):laH

Hh!X .L(JIH l1H):l l1Bl1L1yaJibHblX semecTB. 

· TaK11e t:111arpaMMhI Hey.uo6HbI ):IJJH aHaJI11Ja, no3TOMY Yame 11cnoJJhJY10T 

ceqeH11H TpexMepHoìf .n11arpaMMhI nnocKocrnM11 np11 V== const, T. e . npoeKl.(1111 

Ha nJJOCKOCTb (P, T). Ha p11cyHKe 2.4.1 cxeMaT11YecK11 11306pa)!(eHa <i>aJoBaH 

t:111arpaMMa BOLlhI. Cxo):IHbie t:111arpaMMh1 11Me10T sce semecrna, o6pa3y10m11e B 

rnept:10M cocTOHH1111 OLIHY Kp11cTaJJJJHYecKy10 <t>aJy. Oco6eHHOCTh!O <t>aJosoìf 

):IHarpaMMhl BO):lbl HBJJHeTCH OTp11uaTeJJbHhIH HaKJIOH Kp11BOH DJJaBJJeHl1H. 3TO 

OTHOCl1TeJibHO pe):IKOe HBJJeH11e, CBH3aHHOe e MeHhllleìf DJJOTHOCTb!O TBep.noìf 

<t>aJhI no cpasHeHHIO e )!(11.L(Koìf (JJet:1 nJJasaeT B so.ne). )J,JJH 6oJJhllll1HCTBa se

mecTB HaKJJOH Kp11BOH IIJJaBJJeHl1H IIOJJ0)!(11TeJJeH. 

ECJJl1 <1>11rypaTl1BHaH TOYKa, COOTBeTCTBY!Oll.(aH COCTOHHl1!0 Cl1CTeMbl, pac

nOJJO)!(eHa B O):IHOH 113 Tpex o6nacTdi <t>aJOBOH ):111arpaMMhl, T. e. Cl1CTeMa Haxo

):IHTCH B onpe):leJJeHHOM <t>aJOBOM COCTOHHl111, TO Cl1CTeMa 611sap11aHTHa (f == 2) 
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H MO)!(HO MeHRTb T H P s HeKOTOpbIX rrpe,1:1enax 6e3 H3MeHeHH51 <rncna cpa3. Ec

JIH <PttrypaTHBHa51 TO'!Ka OKa3aJiaCb Ha O).\HOtt H3 BeTBett ).\HarpaMMbl, TO CHCTe

Ma MOHOBapttaHTHa (/= 1) H MO)!(HO H3MeH51Tb TOJibKO 0).\HH H3 rrapaMeTpOB -

).\aBJieHHe HJIH TeMriepaTypy, a ,1:1pyrott rrapaMeTp 6y,1:1eT H3MeH5!TbC51 B COOTBeT

CTBHH e XO).\OM BeTBH ).\HarpaMMbI. 

B TpOHHOH TO'!Ke A CHCTeMa HHBapttaHTHa, T. e. paBHOBeCHOe cocymecT

BOBaHHe Bcex Tpex cpa3 B03MQ)!(H0 TOJibKO ripH Oripe,1:1eJieHHblX 3Ha1.JeHH51X TeM

riepaTypbl H ,1:1asnettm1. B TpottHOH TO'!Ke BO,[lbJ ).(asneHHe pasHo 610,48 Tia ripH 

reMrrepaType 273, 16 K. To'lKa K - KpHTH'IecKaH, T. e. rIPH reMrreparypax BbI

we KpHTH'-IeCKOH HeB03M0)!(H0 cymeCTBOBaHHe )!(H).\KOtt cpa3bl. J{mr BO).\bl B 

KpHTH1.JeCKOH TO'!Ke Te= 647,35 K, Pc= 221,406· 105 
Tia. 

HeK0Topb1e semecrsa Moryr o6pa30BbIBaTb ,1:1se H 6onee MO,l:IHcpHKaU:HH 

TBep,1:1oro COCT05IHH51. HaH6onee H3BeCTHbltt ripHMep - poM6H'IeCKa51 H MOHO

KJlliHHa5! cepa. KpttcTaJIJibI TaKHX MO,l:IHcpttKaU:Htt, Ha3bIBaeMbJX nonuMoprjJHbL

MU, pa3JIH'!a!OTC5! rro TepMO).\liHaMH'IeCKliM CBOttCTBaM. 83aHMHbie ripespame

HH51 IIOJIHMOpcpHbIX MO).(H<jJHKaU:HH 5!BJI5!!0TC5! cpa30Bb!Ml1 rrepexo,1:1aMli riepsoro 

po,1:1a H TaK)!(e Ha3bIBaJOTC5! rron11MopcpHbIMli rrepexo,1:1aM11. Ecntt rron11Mop<}Jttb1e 

MO,l:IHcpHKaUHH TepMO).\HHaMH'IeCKH ycTOH1.J11Bbl, T. e. o6pa3yIOT HCTliHHbie Tep

MO).\HHaMH'leCKHe cpa3bl, Me)!(,l:ly KOTOpb!Mli B03M0)!(Hbl KaK rrp5!Mble, TaK li 06-

paTHbie cpa3ÒBbie riepeXO).\bl, TO TaKHe rrepeXO).\bl Ha3bIBalOT 3HaHmuomponHblMU 

(HaripHMep, B3aHMHbie rrpespameHl15! poM6I1'IeCKOtt H MOHOKJIHHHOH cepbl). 

:hiaHTHOTPOIIHbie riepeXO).\bl Ha6JIIO).\a!OTC5! TOJlbKO TOr,1:1a, KOr,1:1a TeMriepaTypbl 

nnasneHlli! TBep,1:1h1x cpa3 BbIIIIe TeMrreparypbI rrepexo,1:1a . 

B CJlY<Jae, KOr).\a IIOJIHMOpcpHoe COCT05!Hl1e CTa611JibHO TOJibKO no KHHeTH

'IeCKHM rrpH'lHHaM, T. e. COCT05!HHe 5!BJI5leTC5! MeTaCTa6HJ1bHbIM, rrepexO).\bl 803-

MO)!(Hbl TOJibKO H3 Hero B 11pyr11e (TepMO).\HHaMH1.JeCKli ycTOH'IHBbie) COCT05!Hl15!, 

110 He o6paTHO. TaKHe rrepexo,1:1b1 Ha3bIBaIOTC5! MOHompomtblMU. B raKHX c11c

TeMax riepexo,1:1 OT Hli3KOTeMrreparypHOH MO).(H<jJHKaUlili K BblCOKOTeMrrepaTyp

IIOtt npOHCXO).\HT TeM 6bJCTpee, 1.JeM BbIIIIe TeMrreparypa, a o6paTHbltt rrepexo,1:1 

11e Ha6n10,1:1aeTC5! . Tip11MepoM MOHOTporrHoro rrepexo,1:1a 5!BJrneTC51 riepexo,1:1 6eno

ro c!ioccpopa s KpacHbJtt. 
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,LJ;m1 no1mMopcpHhIX nepexo.nos BhinOJJHJ1eTc5l npa6UJ10 cmyneHeù Ocm
Banbòa: npw cpa30BhIX nepexo.aax cHa11ana 06pa3yeTc5l MeHee ycToii11wsa51 MO
.n11cp11Kau115l, a JaTeM 6onee ycrnii1111sa5l. 

MHoroKoMrrotteHTHhie cttcTeMhI 

Ilp11 om1caHHl1 paBHOBeCHH B .llByx- 11 MHOfOKOMTIOHeHTHhIX Cl1CTeMax 11C
noJJh3)'JOTC51 0.llHl1 11 Te )!(e TepMO.lll1HaM11LJeCK11e nO.llXO)lhl, n03TOMy, .llJl}I npocTO
Thl, 60JJhllil1HCTBO sonpocos B 3TOM pa3.nene 6y.neT paCCMOTPeHO Ha np11Mepe 
.nsyxKoMnoHeHTHhIX c11cTeM. PasHosec11e Me)l(.lly )!(H.llKOH (11J111 rnep.noii) 11 ra3o
o6pa3HOH cpa3aM11 s 11.neanhHOH c11cTeMe on11chrnaeTc5l JaKOHaM11 PayAA 11 feHpH. 
B 3TOM )!(e pa3.aene 6y.aYT paccMOTPeHhI cpa30Bhie pasHosec11}1 Me)l(.lly pacrnopoM 
11 rnep.aoii cpa30H, Me)l(.lly .llBYM51 )!(11)lKl1Ml1 cpa3aMH, a TaK)!(e 113MeHeHH51 TeMnepa
TYP 3aMep3aH11J1 H KHneHJ1}1 11.neanhHhlX pacrnopos no cpasHeH1110 e 1111CThIM pac
TBop11TeneM, KOTOphie, Hap51.llY e OCMOTHLJeCl1M .aasneHHeM, OTHOC51TC51 K KOJIJIHra
THBHhIM CBOHCTBaM paCTBOpOB. KOJIJl11faTl1BHhIMl1 Ha3hIBaIOT CBOHCTBa, KOTOph!e 
3aBHC51T TOJlhKO OT KOJll1LJeCTBa paCTBopeHHOro semeCTBa, HO He OT ero npHpO.llhl. 

PaBHOBectte «tt.n,eanhtthIH pacTBop - rnep.n,a51 <Pa3a» 

PaccMOTp11M pacTsopeH11e 1111cToro Kp11cTann1111ecKoro semecTBa B )!(11.ll
KOM pacrnopwTene. PacTsopeH11e 6y.neT npo.non)!(aThC51 .ao Tex nop, noKa pac
Tsop He CTaHeT HaCh!l.l.(eHHh!M. X11M11LJeCKHH noTeHu11an paCTBOp51eMoro seme-

CTBa B rnep.aoif cpa3e µe= µ2 (T,P), B pacrnope µ = µ 0 + RTlnx, r.ne x -

KOHUeHTpau,1151 paCTBopeHHOro Bel.l.(eCTBa. Ecn11 Xsa/ - KOHUeHTpau1151 HaChl

meHHO pacrnopa, TO ycnoswe pasHoseCH51 HMeeT BH.ll µ2 = µ 0 + RT In Xsat , 

o o µe-µ 
OTKy.aa ln xsar = --

RT 
,ll;11cpcpepeHu11py51 Bh1pa)!(eH11J1, CT051l.l.(11e s 06e11x 11acrnx paseHCTsa, no 

TeMnepaType np11 nOCT051HHOM .nasneHHH, nOJJYLJ11M 

(alnxsat) = -1 [( aµ2] -(aµ0l ] 
ar P RT ar ar p p 

(µ2- µo) 
RT2 

J1CTIOJlh3Y51 ypasHeH11e f1166ca- feJ1hMrQJJhUa .llJIJ! napu11aJJhHhlX MOJlhHhlX 

seJJl1LJl1H h = µ -T (aµ) , nocne.aHee paseHCTBO MO)!(HO 3an11caTh B BH.lle 
ar P 

(
8lnxsa1) 

ar P 

wo 
RT2 ' 

(2.4.23) 
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r.ue w 0 =ho - h2 - H36hITOK napU:11aJihHOH MOJlhHOH 3HTaJihn1111 paCTBO

pHeMoro sew:ecTBa B pacTsope no cpaBHettmo e TBep.uoì1 <j}a3oì1, T. e. Ten110Ta, 

nornow:ettHa5! np11 paCTBOpeHl111. 3To ypaBHeH11e, 11MeIOw:ee Bl1.ll 11306apbl 

BattT-fo<j)cpa, MO)!(HO nepen11caTb B 011.ue 

[

alnxsat] 
AfiO "-R aU) ; 

T. e. TenJJOTY paCTBopeHHH MO)!(HO onpe.ue1111Tb no 33B11Cl1MOCTl1 11orap11<j)Ma 

KOHI.(eHTpau:1111 HaChJW:eHHOro paCTBopa OT o6paTHOH TeMnepaTYPbl. 

Belll1lfl1Ha w 0 ' soo6w:e roBOpH, 33Bl1Cl1T OT TeMnepaTypb!. Bo MH0fl1X 

CJlYlfaHX MO)!<HO orpaHl1lfl1TbCH Jil1HeHHOH annpOKCl1Mau:11eì1 tiii 0 =a+ bT' 
r.ue a 11 b - no.u611paeMb!e no 3KCnep11MeHTaJlbHblM ,UaHHh!M noCTOHHHble. l13 

(2.4.23) 11MeeM: 

a b 
lnxsat =--+-lnT+const, 

RT R 

r.ue const - KOHCTaHTa l1HTerp11poBaH11H. Bo MHOrHX c11y4a51x np11 no.uCTaHOB

Ke B 3TO ypasttett11e TeMnepaTypbl n11as11ett11H T0 TBep.uoro sew:ecrna ero npa

sa5! l.JaCTb CT3HOBl1TCH Ol.JeHb M3JlOH 11Jil1 o6paw:aeTCH B HYJib, T. e. np11 TeMne

parype n11asJiett11H Xsat = I. I1o3TOMY n11as11ett11e MO)!(HO paccMaTPHB3Th KaK 

npe.uenhHblH CJIYlfaH pacTsopeHHH np11 Xsat = I. 
IIycTh TBep.uaH <j)a3a 11.ueaJibHa (ycJIOBl1H 11.ueaJihHOCT11 TaK11e )!(e, KaK 

.llllH )!(11.llKOro pacrnopa). 06o3HalfaH 11tt.ueKcaM11 I 11 s )!(11.llKYIO 11 TBep.uyIO 

cpa3bl COOTBeTCTBeHHO, 113 yc110Bl1H paBHOBeCl1H no11ylfl1M .llllH Ka)!(,UOro KOM

llOHeHTa: 

In~=µ~; (T,P)- µ2 (T,P) 
Xs; RT 

I1po11HTerp11pyeM ypasHeHl1H f1166ca-feJihMroJibU:a .L1JU1 x11M11lfeCK11x rm-

r
a( µ; )1 

TeHI.(11aJIOB a; 
P,x 

h ---T (x - cn11COK KOHU:eHTP3U:11H, h; - napu11a11b-
T 

HM MOJlhHM 3HTaJlhl111H i-ro KOMITOHeHTa) KOMITOHeHTOB B 06e11x <Pmax B 11HTep

na.ne OT TeMrrepaTYPhl 1111as11eH11H KOMITOHeHTa To; .llO HeKOTOpOH TeMnepaTYPhl T: 
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T -o 
µH (To; , P) _ -f H1; dT, 

- 2 
To; To; T 

µH(r,P) 
T 

T -o µ~; (T,P) _ µ~; (To; , P) =- f H~; dT , 

T ~; r, . T o, 

-o -o 
rL(e Hli 11 H si - MOJihHhie 3HTarrhn1111 q11cThIX KOMTIOHeHTOB B )l(HJIKOM 11 

TBepnoM cocro»H11llx . B T04Ke nrraBrreHHll µH ( r0;, P) = µ~; ( T0;, P) , rro3TOMY 

O ( ) O ( ) T -o ln~= µ si T,P -µli T,P =_!_ J ~i dT ' 

xsi RT R To; T 

-o -o -o 
rne til!; = Hli - H si - MOJihHal! 3HTaJihTil1ll rrrraBrreHHll i-ro KOMnoHeHTa. Ec-

rr11 cq11raTb, 4TO 3Ta 3HTaJibTIHll He 3aBl1Cl1T OT TeMneparyphl, TO J\Jlll OTHOllle

Hl1ll KOH1..(eHTpau11ì1 i-ro KOMTIOHeHTa B )1(11JIKOH 11 TBepnoì1 cjJa3aX (K03 cjJcjJ11u11-

eHTa pacnpe.r1errettm1) norryq11M: 

-o 
lnXfi= Aff;(To;-T) 

Xs; RTTo; 
(2.4.24) 

Ecrr11 TBepnaii cpa3a i-ro KOMrrottettra npen crasrr»eT co6oì1 q11cTyIO Kp11-

c rnrrrr11 4ecKy10 cpa3y, TO x_,; = l 11 JIJIH HaCbJll.(aIOllI.eH KOHUeHTpau1111 i-ro KOM

noHeHTa B p acTBope nonriaeM y p aattett11e Wpenep a: 

1:,.fif (To; - T) . 
In xli = - RTTo; (2.4.25) 

PasHosec11e Me)K.L\Y .L\BYM51 )KH)J,KHMl1 cpa3aM11 

Tip11 o6pa30Bamrn CMeCH 113 411CTh!X KOMTIOHeHTOB /:,.mix G = /:,.mixH - T /:,.mix s' 

rne 11Hj\eKC mix OTHO CHTCH K o6pa3oBaHl1IO CMec11 . 3HTaJiblll1HHa51 4aCTh 3TO

ro 113MeHeHHH c0060.r1HOH 3 Heprn11 onpe.r1em1eTCH COOTHOllleHHeM 3Heprnì1 

B3aHMOj\eHCTBl1H Me)l(JIY MOJieKyJiaM11 OJIHOfO 11 Toro )!(e T11na B q11CTh!X Be

mecTBaX (é:;;) H Me)l(JIY MOJieKyJia M11 pa3Hh!X THTIOB B CMec11 (e;j) . Ecm1 3Tl1 

3Heprn11 6mnK11, T. e. &;; "'t:u (11n11 L (t:u - &;; ) "'O), ro o6pa30Batt11e cMec11 

i ,j 

np011CXOJIHT 6e3 TenJIOBh!X 3 cjJcjJeKTOB: /'i.mixH "'o . TioCKOJihKY 3Hrpon11ì1Ha5! 

qaCTh 113MeHeHH5! c0060.r1HO H 3Hepr1111 He MO)l(eT 6h!Th MeHbllle, qeM B cnyqae 
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H.[(eaJJhHOH CMeCH (cM. (2.1.63)), H Bcer.na IlOJIQ)l<HTeJJbHa, TO B 3TOM CJIY'Iae 

/).rnixG <o' H npou:ecc o6pa30BaHml CMeCH 11.[(eT caMOIIpOH3BOJlhHO - lKH.[(

KOCTH rrepeMellrnBa!OTCH IlOJIHOCTh!O e o6pa30B3Hl1eM 0.[(HOH lKH.[(KOH <Pa3hl. 

EcJJH MeJKMOJJeKyJJHpHhie B33HMO.D.eì1cTBHH B 'IHCThIX KOMnoHeHTax cna6ee, 

'!eM B CMeCH, TO /).rnixH < o ' H rrpou:ecc npOHCXO.[(HT e Bhl.[(eJJeHHeM TeIIJJOThl. 

IIpH cMernHBaHHH 'IHCThIX KOMIIOHeHTOB B03MOJKHO o6pmoBaHHe coe.n11HeHHì1, 

corrpOBOJK)l.aIOU1eecH j'MeHbllieHHeM 3HTPOIIHH, 0.[(H3KO OHO, KaK npaBHJIO, He

BeJJHKO H, ecJJH /).rnixH < -T /).rnixs' H3MeHeHHe CB060.[(HOH 3HeprHH OCTaeTCH 

OTPHU:aTeJJhHhIM, T. e. JKH.D.KOCTH rroJJHOCTh!O nepeMernHsaIOTCH. 

B o6paTHoì1 c11Tyau:H11, Kor.na 11rnixH >O, H3MetteHHe CBo6o.nttoì1 3Hep

rHH MOJKeT CT3Th IIOJIOlKHTeJJhHhlM, H rrpOHCXO.[(HT pacCJJOeHHe lKH.[(Kl1X <Pa3 -

o6pa3YJOTCH .[(Be lKH.[(KHe <Pa3hl pa3JJH'IHOro COCTaBa. IJOCKOJlhKY B peaJJhHhIX 

CHCTeMax 3HTPOIIHH 11 3HT3JlhIIHH CMeWeHl1H 33BHCHT OT TeMrrepaTyphl, TO B 

06U1eM cnyqae cyU1ecTByeT o6nacTh TeMnepaTyp, B KOToporr 11rnixG >O H Ha-

6n10.naeTCH paCCJJOeHHe, a BHe 3TOH o6JJaCTH rrpoHCXO.[(HT nOJJHOe CMeWHBaHHe 

lKH.[(KOCTerr e o6pa30B3HHeM 0.[(HOH <lJa3hl. 

CBoHCTBa 6HHapHhIX lKH.D.KHX CHCTeM o6hI'IHO npe.ncTaBJJHIOT B BH.D.e .D.Ha

rpaMMhI B KOOp.D.HHaTax «X - T» («cocrnB - TeMnepaTypa»). Tor.na 06U1eMy 

cnyqaIO Ha TaKOH .[(HarpaMMe COOTBeTCTByeT HeKaH o6JJaCTh, BHe KOTOporr CHC

TeMa rrpe.D.CTaBJJHeT co6oì1 O.D.HY <lJa3y, a BHYTPH - .nse JKH.D.KHe <Pmh1 : Hach1-

U1eHHhIÌ1 paCTBOp rrepsoro KOMIIOHeHTa BO BTOpOM H H3ChillleHHhIH paCTBOp 

BTOporo KOMilOHeHTa B nepBOM (pHC. 2.4.2). TeMnepaT)'Pa H COCTaB, COOTBeT-

T 

o 
A 

MGCC. %B 100 
B 

Pi.te. 2.4.2 . .QV1arpaMMa pacrnopVIMOCTVI HVIKOTvrHa s so.ne npVI aTMoccj:JepHOM .Qasne
HVIVI . HKTP VI BKTP - sepxHs:is:i VI HVllKHs:iH KpV1TV1YecKV1e TOYKVI paccnoeHVIH, coorneT
crnyiol.J..lVle TeMnepaTypaM 61 °C VI 210 °C. CocrnHHVle CVICTeMbl npVI rnMnepaType T 
e MOnbHOLÌi ,Qoneiìi HVIKOTVIHa xa < X < xb OIIVICblBaeTCH HO,QOLÌi ab: CVICTeMa pacna,Qa
eTCH Ha ,QBe cj:Ja3bl e MOnbHblMVI ,QOnHMVI HVIKOTVIHa xa VI xb (cj:Ja3bl a VI b), a npVI .QpyrVIX 

3Ha4eHVIHX X CVICTeMa npe,QCTaBnHeT co6oiìi roMoreHHYIO lKVl.QKYIO cj:Ja3y 
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CTBYIOU(lle MaKCllMYMY Orll6aIOU(eH ::noì1 o6JiaCTll, Ha3b!Ba!OTCSI Bepxtteì1 Kpll

TJ1qecKOH TOqKOH CHCTeMbl, a COOTBeTCTBYIOIUHe MHHHMYMY - HH:)l{Heì1 Kp11-

T11qecKOH TO'lKOH. 06bJqHO BCTpe'la!OTCSI 6011ee rrpOCTbJe cnyqa11, Kor.ua eCTb 

TOJihKO o.utta KpHnrqecKaSI TOqKa - sepxHSISI llJill HH)!(HSI»:. B rrepsoM cnyqae 

B3aHMHaSI paCTBOpHMOCTb )!(llJ(KOCTeH ysen11q11saeTCSI e pOCTOM TeMrrepaTyphl, 

BO BTOpOM -yMeHbWaeTCSI. 

0Tpe3Kl1 rrpSIMhIX T = const, rrepeceKa10m11e .u11arpaMMy, Ha3bIBaIOTCSI 

HO.UaMll. KOHl(bl HOJI COOTBeTCTBYIOT COCTaBaM cpa3, HaXOJ(SIU(llMCSI B paBHOBe

CHH . .lJ:nSI HOJI nptt6JJI1)!(eHHO BblfIOJJHSieTCSI rrpaBHJlO AneKceesa: cepeJ(HHbl 

HOJI Jie)!(aT Ha rrpSIMOH, rrpoxo.u»meì1 qepe3 KpHTHqecKyIO TOqKy. Ecn11 cp11ry

paTHBHaS1 TO'!Ka Cl1CTeMbl Jie)!(HT BHe J(HarpaMMbl, ll3MeHeHHe COCTaBa CHCTe

Mbl HJIH ee TeMrreparyphl rrp11BOJll1T K COOTBeTCTBYIOIUeMy H3MeHeHll!O COCTa

sa 11 TeMrrepaTyphI ee e.UHHCTBeHttoì1 cpa3b1. Ec1111 )!(e cpllrypaTHBHaSI TOqKa 

JJe)!(llT BHYTPll .UllarpaMMhI, TO H3MeHeH11e cocTaBa rrp11 T = const He rrpttso

.UllT K 113MeHeHHIO COCTaBOB paBHOBeCHb!X cpa3: 113MeHSIIOTCSI TOJlbKO MaCCbl 

cpa3, OTHOWeHHe KOTOpb!X orrpe.uenSieTCSI rro «rrpaBHJIY pb1qara» - OTHOllle

HHe Macc cpa3 o6paTHO rrporropl(HOHaJibHO .UJIHHaM 0Tpe3KOB, Ha KOTOpbie cptt

rypaTHBHa»: TO'!Ka .uemIT HO.UY. 

l13MeHeHHe TeMneparyp 3aMep3aHHSI 

H KI-meHHSI H,[(eaJihHbIX paCTBOpOB 

3aMep3aHlle pacTsopa rrpottcxon11T Torna, Kor.ua nasnemrn rrapa paCTBO

p11Te11» CTaHOBHTCSI paBHblM .uasJJeHHIO H3CbJU(eHHOfO rrapa Ha.U q11CTOH KpH

CT3JlJ1114eCKOH cpa30H paCTBOpHTeJJSI. nocKOJlhKY rro 33KOHY PayJJSI .uasJieHHe 

rrapa Ha.u paCTBOpOM MeHbWe, 'leM H3J( 'lHCTblM paCTBOpHTeJJeM, TO COOTBeTCT

BYIOU(aSI seTBh n11arpaMMhI cpa3osoro pasHosec11S1 «pacTsop - rrap» rrepece

qeT KpHBYIO cy6JJHM31]1111 rrp11 6011ee Hl13KOH TeMrrepaType, 'leM B cnyqae q11c

TOfO paCTBOpHTeJISI. 

I1crrOJJb3YSI (2.4.25), rro11yq11M J(JJSI KOHl(eHTpau1111 pacTBOpIITeJISI rrp11 KpH

CT3:.JIJ1!13al(l111 H3 pacTsopa cneny10mee Bb1pa)l(eH11e: 

lnx1 = 
tiFrP (T01 -r) 

RTT01 
(2.4.26) 

YqTeM, qTo x 1 = I -xi, rne x2 - KOH1JeHTpau11» pacTsopettttoro sell(ecT

Ba. Cq11TaS1 pacTsop pa36asneHHhIM, T. e. x2 << 1, pa3JJO)!(l1M In ( 1- x 2 ) B p»n 

11 orpatt11q11McS1 rrepBhIM qnettoM pa3JIO)!(eHHSI. KpoMe Toro, yqTeM, qTo JIJISI 

pa36asneHHOro pacrnopa T01 Mano orn11qaeTcS1 OT T, rro3TOMY TT01 ""T0
2
1. To

r.ua, o6o3HaqllB tiTc = T01 -T, rronyq11M 113 (2.4.26): 
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!'!.Te"" RTi1 tJIO Xz · 
I 

151 

(2.4 .27) 

3To ypasHem1e ,ll,aeT rroHH)l(em:re TeMnepaTypbI 3aMep3aHH51 pa36asrreHHO

ro pacTsopa e KOHL(eHTParmeH. x2 no cpasHeHHIO e lJl!CThIM pacrnopHTerreM . 

ITOCKOJlhKY X2 << 1, TO MO)l(HO HCITOJih30BaTh npn6mJ.)l(eHlle 

nz nz nzM1 xz =--;=:;-=--=m2M1, 
n1 + n2 n1 g 1 

r)l,e n; - lJl!CJia MOJieH KOMilOHeHTOB B CHCTeMe, g1 H M1 - Macca H MOJieKy

JI51pHa51 Macca paCTBOpHTeJI51, m2 - MOJI51JlhHa51 KOHL(eHTPaL(H51 paCTBOpeHHOro 

seurecrna. Terreph (2.4.27) MO)l(HO 3arr11caTh s BH,ll,e 

!'!.Te =Km2 , 

RJ;2 
K

1
"" 01M1 

-o 
Af-11 

(2.4.28) 

(2.4.29) 

Berr11lJ11Ha K 1 Ha3hIBaeTc51 KpHOCKOITHlJecKoH. rrocT051HHOH )l,aHHoro pac

TBOp11Terr5! . Ee MO)l(HO paCClJl!TaTh !10 rrpnse,neHHOH cpopMyrre, O)l,HaKO 06hilJHO 

ee orrpe,ll,eJI5llOT He3aBHCHMO rro 3KcrrepttMeHTaJihHhIM )l,aHHhIM, a !10 (2.4.29) 
paCClJHThIBalOT MOJieKyrr51pHyIO Maccy HJIH TenrroTy rrrrasrreH1!51 paCTBOpttTeJI51 . 

!J,]jO 
11crrorrh3Y51 y,ll,eJihHYIO CKphITYIO Terrrrory !1JlasrreHH51 pacTsopttTerr51 L1m = --1- , 

M, 

(2.4.29) MO)l(HO rrepe1rncaTh s 011,ll,e 

K1 ""RT021 
lim . 

.[(m1 BO,ll,hI rrpn aTMoccpepHOM ,ll,asrreHHH K H 0 =1,86. 
2 

(2.4 .30). 

)1(11)],KOCTh 3aK11rraeT, T. e. rrapoo6pa30BaHHe HalJttHaeT npOHCXO)l,HTh He 

TOJihKO CO CB060,1J,HOH nosepxHOCTH, HO H B o6beMe )l(l!)l,KOCTH, KOr)l,a )l,aBrre

HHe ee HaChIIIIeHHOro napa cTaHOBl!TC51 paBHhIM BHeurneMy ,ll,aBrreHHIO. KaK 

crre,ll,yeT H3 3aKoHa Payrr51, ,nasrreHHe HaChIIIIeHHoro rrapa pacTBOpHTerr51 Ha)], 

pacTBopoM Hl!)l(e, qeM Ha,ll, lJHCThIM pacTBOpHTerreM. ITocKOJihKY )l,aBrreHHe Ha

ChIIIIeHHoro napa pacTeT e TeMnepaTypoH., 51CHO, lJTO Kl!ITeHHe paCTBOpa 6y,1J,eT 

Ha6JIIO)l,aThC51 npH 6orree Bh!COKOH TeMnepaType, lJeM Kl!IleHHe lJl!CTOro pac

TBOp HTeJI51. 
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Ilpose.1u1 Bh1 1mcnemu1, attanont4Hhie om1caHHhIM B Ha'!ane :noro pa3.ue
na, MO)f(HO 00Jl)'411Tb Bh!pa)f(ett11e .umi OTHOllleHml KOHileHTpau11ìl: i-ro KOMIIO

HeHTa B pacrnope 11 rrape 11p11 IIOCTO.!IHHOM .uasneHl111 B 811,lle 

-o 
In _:LL =DR vi (To; -T) 

xvi RToJ , 
(2.4.31) 

-o 
r.ue DR vi 11 T0; - MOJlhHa.11 :rnrnnhn11.11 11cnapeHilll 11 TeMneparypa K1111ett11.11 1rnc-

Toro i-ro KOMIIOHeHTa COOTBeTCTBeHHO. B CJl)"lae, Kor.ua Bee KOMOOHeHThl, KpOMe 
pacrnop11Ten.11, He ne1y111, X v; = I , 11 ypaBHem1e (2.4.31) CTaHOBHTC.!I attanorn4-
HhIM (2.4.26) : 

-o 
DR vi (To1 -T) 

lnx1 = . 
RTT01 

IlocKOJlhKY TeMrrepaTypa Kl1IIeHl151 paCTBOpa IIOBhJWaeTC51, TO 3a 113MeHe

HHe TeMrrepaTyphI K1111ett115l np11MeM b.~ = T-T01 , rnr.ua, nocne rrpeo6pa30-

BaH11tt, ~e 11CIIOJlh30BaHHhIX 11p11 paCCMOTpemm IIOHJ1)f(eHl151 T04Kl1 3aMep3a
Hl151 pacTBopa, nony'IHM: 

2 2 
RT01M1 RT01 

b.Tb"" -o m2 =--m2 =E1m2 , 
lOOOAffv1 41 

(2.4.32) 

r.ue Lvi - y.uenhHa51 CKpbITa.11 TerrnoTa 11crrapeHilll pacTBop11Ten.11, T01 - TeMrre

RT.2 
parypa K1111ett11.11 lfHCToro pacTBop11Ten.11 11p11 .uaHHOM .uasnett1111, E1 = __ O_l -

Lvi 
::i6yn110CKOIIH4eCKa51 IIOCT051HHa51 paCTBOpHTen.11. ,[{n.11 BO,llbl rrp11 aTMOCcpepHOM 

.uasnett1111 EH
2
o = 0,513. Ilo ypastteH1110 (2.4.32), TaK )f(e KaK 11110 ypaBHeHHIO 

(2.4.29) , MO)f(HO orrpe.uen.!!Tb MoneKyn.11pttyio Maccy pacrnop11Te1rn. ,[{11.11 pac
TBOpOB 3JleKTp01111TOB cpopMyllhl (2.4.28) 11 (2.4.32) Ha,llO CKOppeKT11posaTh Ha 
IIOJlHOe lfl1CJ10 4aCTHU B paCTBope, Tor.ua OHH rrpHMYT Bl1.ll 

b.Tc = iKm2 , 

b.Tb = iE1m2 , 

r.ue i - 1130TOHHlfeCK11tt Ko::icpcpM.Ul.feHT BaHT-focpcpa. 

<Da30Bbie rrep~XO)l;bl B 6ttOJIOnrqecKHX CHCTeMax 

(2.4.28a) 

(2.4.32a) 

,[{n.11 611onor11'1eCKl1X Cl1CTeM xapaKTepHO HaJlM.lfl1e OTHOCJ.fTeJlhHO 60Jlh
llll1X MOJleKyn (MaKpOMOJleKyn) opraHl14eCKl1X COe,llM.HeHM.tt, 06pa3yiom11x BCe
B03M0)f(Hhle KOMIIJleKChl 11 CJlO)f(Hhie npocTpaHCTBeHHO yrrop51,llOlfeHHhie CTpyK-
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TJ'Phl. B TaKttX cttcTeMax B03MO)l(HhI cpa30Bbie nepeXOAhI KaK nepaoro poAa, TaK 

H 6oJJee BhICOKHX ITOPllllKOB. ,ZXm1 OITHCaHttll cpa30BhIX nepeXOLlOB B ynopllAO

qeHHhIX CTPYKTYPax YA06Ho HCITOJJh30BaTh TaK tta3hrnaeMble napaMeTpbI no

PllAKa, KOTOpble xapaKTepH3YIOT CTeneHb yrropllAOLleHHOCTH B3aHMHOfO pacno

JlO)l(eHHR MOJleKyJJ, o6pa3yI0ll.{HX CHCTeMy. 

2.5. 3neKTpOXHMttqecKtte 5:1BJieHIUI 

3JieKT}JOJUIThI. 3neKTpOJIJITHqecKaJI .lJ:HCCOU:Hau:1rn 

MoJJeKyJJhl pa3J1Ht{Hb!X coeAHHeHHH MOfYT o6pa30BbIBaTb HOHhl npH Ta

KHX BHeIIIHHX B03AeHCTBHllX, KaK o6JJy<JeHHe, HarpeB, CHJlbHOe BHernttee CHJlO

BOe ITOJle H T. n. 0AHaKO o6pa30BaBIIIHeCl! HOHhl 6bICTPO peKOM6HH11pyIOT, H 

TaKHe COCTOl!HHll CHCTeMbl He l!BJll!IOTCll paBHOBeCHhlMH. 

PaBHOBeCHbie HOHHble CHCTeMbl o6pa3y!OT MHOfHe opraHH<JeCKHe H Heop

raHH<JeCKHe coen11tteHHH B pacTsopax HJJH pacnJJaaax. TaKHe coeAHHeHHll no

flY<JHJJH o6mee Ha3BaHHe 3JleKTpOJJHTOB. 11pHCYTCTBHe HOHOB - nepeHOC'IH

KOB 3apl!AOB B 3JleKTPOJJHTax - o6Hapy)l(ttBaeTCll no 3JleKTPOITpOBOAHOCTH 

HJlH npH 3JleKTpOJJH3e. 11pH 3TOM llO pacTBopeHHll (HJJH TIJlaBJJeHHH TBepnoro 

TeJJa) COeAHHeHHe MO)l(eT H He COAep)l(aTb HOHbl. 

HaJJH<JHe HOHOB xapaKTepHO llJlll coe,llHHeHHH e HOHHOH CBll3h!O, TaKHX 

KaK HOHHhie KpttCTaJJJJhI, ttanpttMep NaCI, K 2S04 H T. n . B pacrnopttTeJJe e AH-

3JJeKTPH<IeCKOH npottm1aeMOCThlO E: CHJla B3aHMOAeHCTBHll HOHOB YMeHbIIIaeT

Cll B E: pa3, H coeAHHeHHe MO)l(eT pa3pYIIIHThCll - .LIHCCOIJHHpOBaTb - e o6pa-

30BaHHeM npOTHBOITOJ10)1(H0 3apl!)l(eHHhlX HOHOB. 

EcJJH COeAHHeHHe o6pa3oBaHo KOBaJJeHTHhlMH CBll3l!MH, KaK, HanpHMep, B 

CJJY<Jae KHCJlOT, TO .no LlHCCOIJHaIJHH B HeM HOHOB HeT. I1p11 pacrnopeHHH npo

HCXO.LIHT XHMHLleCKall peaKIJHll 3T0f0 COellttHeHHll e paCTBOpHTeJJeM, npHBOAll

ll.{all K HOHH3aIJHH KOBaJJeHTHOH CB.ll3H H o6pa30BaHHIO HOHOB. 

flpUMep . Pacrnopetttte XJJOPHAa ao.nopoAa B .LIH3THJJOBOM 3cpttpe (e= 4,3): 

(\ 
C2Hs"-·· () 

/ O +H-CI-
c2Hs •• 

C2Hs 
"'o (±) C2Hs/ -H. Cle 

PacTBOpHTeJlh l!BJll!eTCll .LIOHOpOM 3JJeKTPOHOB. 3To HCTHHHal! XHMHLle

CKall peaKIJHR. ITptt tte6oJJhIIIHX E: HOHhI ocTaIOTCll B HOHHhIX napax. EcJJtt )!(e 

llH3JleKTPH<JeCKal! npOHHIJaeMOCTh BhICOKa, HOHHbie napbl LlHCCOIJHHPYIOT Ha 

OTAeJJhHhie HOHhl. TaKoe l!BJleHHe Ha6JJIOAaeTCll, HanpHMep, npH paCTBOpeHHH 

XJJOPHLla BOAOpOAa B BOAe (e= 78): 

H"-.0 (t H"- (f) 

H/O +H-CI-( O-HJ+c18 
.. H/ 
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06pa:300asumec51 110Hbl Moryr rrepeHOCl1Tb 3ap5!n s pacTsope 11 51SJI51IOTC51 

He3aSl1Cl1Mb!Ml1 'laCT11UaMl1 . 

.IJ:11ccou11au1110 MOJieKyJI Ha 110Hbl MO)!(HQ paccMaTPl1SaTb KaK Xl1Ml1'1e

CKYJO peaKu1110. Yc11os1151 pastto0ec1151 n11ccou11au1111: 

+ + - -µ=vµ +vµ, (2.5.1) 

T. e. x11M11'leCK11H. rroTettu11aJI tten11ccou11ttposaswero :lJieKTP01111rn paseH cTex110-

M~11qecKoH. CYMMe Xl1Ml1'1eCKl1X ITOTeHU11aJIOS 06pa3osasw11xc51 110HOS. 

CTerreHhIO n 11ccou11aU1111 Ha3hJBaeTC51 OTHowett11e q11c11a pacrrasw11xc51 Mo11e

ry11 K 11CXO./lHOMY '111CJiy MOlieKyJI 311eKTP01111Ta. CTerreHh n11ccou11au1111 3aSl1Cl1T He 

TOlibKO OT .!ll1311eKTPl1'1eCKOH rrpoH11uaeMOCTl1 pacTsop11TeJ15I, HO 11 OT s3a11MoneH.

CTSl1H M011eKYJI 311eKTP01111Ta e OKp~eH11eM. TaK, Harrp11Mep, YKCYCHM K11cn0Ta s 

so.ne n11ccou1111pycr o'leHh cna6o, a s )!(11.!lKOM aMM11aKe - rro11HOCThIO. 

B Ta61111ue 2.1 rrp11senett rrepe'leHb HeKOTOph1x pacTsop11Te11eH., 11Me10m11x 

Sb!COK11e ./ll13JieKTp11'1eCKl1e rrpoH11uaeMOCTl1. 

PacTsop11MOCTh 11 11ott113au1151 MHor11x co11eH. s HCN xy)!(e, 'leM s so.ne, 

HeCMOTp51 Ha 6011ee Sb!COKYIO ./ll1311eKTp11'1eCKYIO rrpoH11uaeMOCTb. 

On11H 113 ocHOSHhIX rrp11Hu11rros rrp11 paccM0TpeH1111 pasHosecHhIX 311eK

TPOX11M11'1ecK11x Cl1CTeM COCT011T s TOM, '-ITO ITOCKOlibKY 110Hbl o6pa3osa1111cb 113 

HeHTpanbHblX MOl1eKy11, Cl1CTeMa s ue110M OCTaeTC51 311eKTpOHeìhpa11bHOÌf. OH 

Ha3hIBaeTC51 npuH4unoM 3JleKmpoHeùmpa.nbHocmu . 

.IJ:n51 orr11caHl15! CSOHCTS pacTsopos 311eKTp01111TOS 11CII011b3YIOT ITOH51Tl1e 

xuMu'leCK020 3Keuea.neHma. X11M11'1ecK11ìf 3Ks11sa11eHT K11c110TbI paseH MOJJ51p

HoH. Macce 3TOH K11C110Thl , ne11eHHOH Ha ee OCHOSHOCTb (•meno n11ccou1111pYJO

llJl1X 110HOS sonopona); X11Ml1'1eCKl1H 3KSl1SaJieHT OCHOSaHl151 paseH M01151pHOH 

Macce 3TOro OCHOSaH1151, ne11eHHOH Ha ee K11ClIOTHOCTb (t111c110 ./ll1CCOU11HpYJO

llJl1X 110HOS r11np0Kc1111a); Xl1M11LJeCKl1H 3KSl1SaJieHT C01111 paseH M01151pHOH Macce 

3ToH. co1111, ne11eHHOH Ha CYMMY sa11eHTHOCTeH. KaTHOHOS 11n11 aH110Hos 3TOH co-

1111. Màcca semecTsa, sbrpa)!(eHHM s rpaMMax 11 pasHM ero x11M11'1eCKOMY 3KS11-

saJieHry, Ha3hrnaeTC51 zpaMM-3Keuea.neHmOM 3Toro 0emecT0a. KoHueHTpau1151 

311eKTP01111Ta, sb1pa)!(eHHM s rpaMM-3Ks11saJieHTax Ha I 11 pacTsopa, Ha3hIBaeTc51 

HOpMGJlbHOÙ KOH4eHmpa4ueù, 111111 HOpMaJlbHOCmblO pacmeopa, 11 o603Ha'laeT

C51 CTpO'IHOH 6yKsoH. «H»: pacrnop e KOHUeHTPau11eH. O, I H conep)!(11T 

O, I rpaMM-3Ks11sa11eHTa semecTsa. 

Ta6r11111.1a 2.1 

nepeYeHb paCTBOpi11T8Jl8~ C BblCOKillMill ):1113Jl8KTpi11Y8CKil1MVI npOHilll(38MOCHlMi11 

PacTsopHTeJJ1> e 

~11aHOBO,l(O,l\pO,I\ 96 
H11rpoMernH 37 
AueroHIHp11n 37 
Merntton 31,5 

3TaHOJI 25 

< 
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C. Appem1yc orrpe,1\emm Kl:ICJIOThI KaK BeIIIecrna e Kl:ICJihIM BrycoM, .ueìicT

BYJOIIIlle Ha [\BeTHhie l:IH.Ul:IKaTOphl KaqecTBeHHO O.Ul:IHaKOBO, pearttpyioIIItte e Me

TaJIJiaMll Il T . .u. OH cqnTa.rr, qTo Kl:ICJIOTHhre CBOHCTBa o6ycJIOBJieHhI rrpncyrcTBtteM 

B pacTBopax HOHOB H +, a ocHOBHhie - rrpncyrcrnneM l:IOHOB OH-. 0.uHaKo CYIIIe

CTBYIOT coe.unHeHH51, KOTOphie He o6pa3YJOT l:IOHa rn.upoKCl:IJia, HO rrpo51BJI5llOT 

CBOHCTBa OCHOBaHl:IH, HarrpttMep pean1py10T e Kl:ICJIOTaMl:I e o6pa30BamleM COJieH: 

NH3 + HCI ~ Cl-+ NH/. (2 .5.2) 

B Haqa.rre XX B. rro51Bl:IJil:ICh Teopttn Kl:ICJIOT n ocHOBaHttìi EpeHCTe,1\a n 

flh!Ottca. EoJiee pacrrpocrpaHeHa KJiaccmpnKaUH51 EpeHcTe.ua. ilo EpettcTe.uy, Ktt

CJIOTa - :no .UOHOp rrpoTOHOB (H+), a OCHOBaHHe - aKL(eITTOp rrpOTOHOB. Tor.ua B 

peaK[\lll:I (2.5 .2) XJIOPH.ll BO.UOpo.ua - Kl:ICJIOTa, a aMMl:IaK - OCHOBaHl:Ie. 

flh!Ol:IC rrpe.UJIO)l(l:IJI 6oJiee o6IIIllH rro.uxo.u K orrpe.ueJieHl:IIO Kl:ICJIOT Il OCHO

BaHnìi : Kl:ICJIOTa - 3TO aKuerrTop, a OCHOBaHHe - .UOHOp 3JieKTpOHOB. 3TO rro-

3BOJil:IJIO OTHeCTll K Kl:ICJIOTaM coe.unHeHH51, KOTOphle He l:IMelOT B CBOeM COCTa

se rrpOTOHOB, HO rrp051BJI5IIOT xapaKTepHhie KHCJIOT Hhie CBOHCTBa, HaIIpllMep 

BF3. TaKlle coe.UllHeHtt51 Ha3hIBaIOT Kl:ICJIOTaMl:I flhI011ca. 

Bo scex peaK[\1151X e yqaCTlieM KliCJIOT 11 OCHOBaHlfH o6pa3y!OTC51 Kl:ICJIOT

HO-OCHOBHhJe rraph1. IIpnMephI TaKnx peaKunìi rrpnse.ueHhI s Ta6JI . 2.2 . 
To, KaKl:Ie CBOHCTBa rrp051BJI51eT BeIIIeCTBO - Kl:ICJIOTHhie lfJili OCHOBHhJe, -

1aslfCl:IT oT Toro, s KaKoìi peaKL(llll 3TO BeIIIeCTBO yqacTsyeT. TaK, s peaKUlf51X 

(3) li (6) so.ua li yKcycHa51 KlfCJIOTa IIp051BJI5IIOT Kl:ICJIOTHhie CBOHCTBa, a B peaK

[\l:I51X (I) H (5) - OCHOBHhie. YqacTHHKH KHCJIOTHO-OCHOBHhIX paBHOBeClfH Ha-

3hJBaIOTC51 corrp51)1(eHHhlMll KllCJIOTaMll H OCHOBaHH51Ml:I. HarrpttMep, B peaK[\Hlf 

(I) OCHOBaHlfeM, corrp51)1(eHHhIM HCI, 51BJI5leTC51 cr, a H30+ - KHCJIOTa, co

IIp51)1(eHHa51 OCHOBaHHIO H20. 

Ta6m1L1a 2.2 

npHMepbl peaKL\HCi C y4acrneM KHCflOT (.1 OCHOB8HHCi 

.N2 KncJJoTa I + OcnoBanne 1 tt KncJJOTa 2 + OcnoBanue 2 

I HCI + H20 tt Hp+ + cr 
2 HCl + NH3 tt NH4+ + cr 
3 H20 + NH3 tt NH4+ + Off 

4 H20 + cw B HCN + Off 

5 CH3COOH + H20 B H30+ + CH3Coo-

6 H2S04 + CH3COOH B CH3COO+H2 + HS04-



''I 

156 rnasa 2. <1>"13"1KO-X"1M"148CKl1e OCHOBbl Of1"1GaH"1fl 6"10fl011148CK"1X C"1CT8M 

C1urn KHCJIOT tt ocHoBaHttH: 

C11na KttcnoT 11 octtosattttH - 3TO Ka4eCTBettttall xapaKTep11cT11Ka TOH 

nerKOCTH, e KOTOpOH coe;::urnetttte OT):laeT 11n11 npttCOe):IHHlleT npoTOH. )J,m1 KH

CllOTHO-OCHOBHhIX nap MO)!<HO 3an11caTh cne):lyJOmtte ypaBHeHHll HOHHhIX paB

HOBeCHH e ):IHCCOUHau11el'f npoToHa: 

AH 

BH+ 

B 

B 

A

B 
+ 
+ 

H +, 

H +. 
(2 .5 .3) 

K11cnOTHO-OCHOBHOe paBHOBec11e B BO):IHOH CHCTeMe B o6meM cnyYae MO)!(-

HO 3an11caTh B BHJ:le 

AH + H20 B H30+ + A - , 

BH+ + H10 H30+ + B. 
(2.5.4) 

B 

K11cJI0Ta I 
Octtosatt11e K11cJIOTa 2, conpll - Octtosam1e 2, conpll-

I lKeHHall OCHOBaHmO I lKeHHOe KHCJIOTe I 

B CnyYae CHllhHOH KHCllOThl 1 paBHOBectte B peaKUHllX (2 .5.4) CHllhHO 

cMemetto snpaso. HanpttMep, B peaKUllll (1) B rn6n . 2.5.2 HCI - cttnhttall Kll

cnoTa, no3TOMY paBHOBectte CllllhHO C):IBllHYTO Bnpaso. 3TOMY COOTBeTCTByeT 

TO, 4TO Cr - 04eHh cna6oe OCHOBaHHe, C TPYLIOM OT6ttpa10mee npoTOH y 

H 30 +. B peaKUHH (5), ttao6opoT, pasttosec11e cttnhHO CJ:IBHHYTO sneso. 3ToMy 

COOTBeTCTByeT cna6all J:lllCCOUllaUHll yKcycHOH KHCllOThl B BO):le. CpaBHHBall 

paBHOBeCHll B no):I06HhlX CHCTeMaX, MO)!(HO ycTaHOBHTh OTHOCHTenhHYJO c11ny 

KllCllOT H OCHOBaHHH. Boo6me, OCHOBaHtte, conpl!)!(eHHOe KHCllOTe, TeM cna-

6ee, YeM cttnhttee KttcnoTa, 11 ttao6opoT. 

lliKany KllCllOTHOCTH ycTaHaBnHBaJOT OTHOCllTenhHO BO):lhl : 411CTall BO.Lia 

C4llTaeTCll Hel'frpanhHOH - HH KllCllOH , HH OCHOBHOH. )J,nll CHCTeM Tllna (2 .5.4) 

IIIKana ycTaHaBnttsaeTCll OTHOCHTenhHO KHCllOTHO-OCHOBHOH napbl 

H 20 I H 30 +. Mo)!(HO TaKHM )!(e o6pa3oM cpaBHttBaTh cnoco6ttocTh conpH)!(eH

ttoro OCHOBaHttll OT6ttpaTb npOTOH y BO):lhI: 

AH + H 20 B AH + H 30 +, 

BH+ + H20 B B + H 30 +. 
(2.5.5) 

B 3TOM cnyYae IIIKana ycTattaBnttsaeTcll OTHOCHTenhHO naphI OH- I H 20. 

Bo.Lia - cna6bIH 3neKTponttT, T. e. B 4llCTOH BOLie tta6n10):1aeTCll cna6aH 

):lllCCO~HaUHll MOlleKyn BO):lhl Ha llOHhI: 

2H20 B H30+ + OH- . 

KOHCTaHTa J:IHCCOUllaUHH - 3TO KOHCTaHTa paBHOBeCml J:lllll ypasttemrn 

.n:11ccou11autt11. )J,nll BO):lhl KOHCTaHTa .l{llCCOUHaUHH 

[ H30+ ][ Off J = 3,24 .10-18 nptt 25 oc . 
Kd = (H20f 
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3.necb 11 .nanee KBa.npaTHhie CK06Kl1 03HaqaioT KOHUeHTpau1111 11J111 3KTl1B

HOCTl1. [H20] - KOHUeHTpaum1 BO):(hl B CHCTeMe, OHa oqeHb Bh!COKa: [H20] = 
= 1000/18 "=' 55,5 MOJlb/Jl. 

B cooTBeTCTBHH e rrpHHUHITOM 3JleKTpoHeiiTpanhHOCTH cyMMa 3ap.si.nos 

HOHOB, o6pa30B3BlUHXC.sI rrp11 ):(HCCOUH3UHH BO):(hl, paBHa HYJllO, IT03TOMY 

(H30+] = [Off]. 

Ben11q11Ha, BXO):(.sIII.13.sI B 3HaMeHaTeJlb Bb!paJKeHH.11 ):(JI.11 KOHCTaHThl ):(HCCO

Ul13UHH BO):(hl, H33bIBaeTCH UOHHbl.M npOU36eÒeHUeM 60Òbl: 

Kw = (H30+](0ff] :::o (55,5)2.Kd :::o 1,008· I 0- 14 
(rrp11 25 °C). 

0TCI0.[(3 rronyqaeM, qTQ KOHUeHTpauH.si HOHOB r11.npoKCOHHH oqeHb Mana H 

pasHa KOHUeHTpauHH HOHOB rH.npoKCHJia: 

(H30+] = [Off] = ..fK:: :::o 10-7 . 

)J,HCCOUl13UHH BOL(hl 33BHCHT OT TeMrrepaTypbI, IT03TOMY OT Hee 33BHCHT H 

HOHHOe rrpOH3BeL(eHHe BOL\hl. B ,L(Harra30He TeMrrepaTyp 0-100 °C ):(Jlll TOqHoro 

orrpe.neneHH.11 Kw MOlKHO HCITOJ1h30B3Th 3MITHpHqeCKOe COOTHOllleHHe 

-I K = 
4470

•
99 

6 0875 I 706·10-2 T g w T , +, , 

rrpH 3TOM cpenHee OTKJlOHeHHe pacqeTHOro 3HaqeHH.sI OT H3MepeHHOro COCTaB

Jl.sieT OKOJIO 0,0005, a M3KCHM3JlhHOe - OKOJIO 0,0014. 

IloH.sITHe pH 

TiocKOJihKY qHcTaH sona HeHTpaJibHa, TO paCTBOp cqHTaeTCH KHCJibIM, ec

JlH KOHUeHTpauHH llOHOB rnnpoKCOHH.11 B HeM Bh!We, qeM B q11CTOH sone. TipH 

o6paTHOM COOTHOllleHHH KOHUeHTpauHH HOHOB paCTBOp cq11TaeTCH 111enoqHhIM: 

(H30+J > 10-1 M ([OffJ < 10-1 M) - KHcnorn, 

(H30+] < 10-7 M ([Off) > I 0-,7 M) - OCHOBaHHe. 

)J,m1 'cpasueHHH Kl1CJIOTHOCTH pacrnopos HCIIOJib3YIOT T3K H33bIBaeMhltt 

eoòopoÒHbzìi noKaJame.nb, pH: 

pH = -Ig[ H 30+], (2.5.6) 

rne rron 3H3KOM JIOrapmpMa CTOHT MOJI.sipHM KOHUeHTP3UH.sI (aKTHBHOCTb) HOHOB 

rn.npoKCOHH.sI. A1mnornqHo orrpeneJI.sieTCH H rroKmaTeJih pOH: pO H = - Ig [OH- J . 
QqeBH):(HO COOTHOllleHHe: . 

pH+pOH =14. 

)J,JI.sI HeHTPaJihHbIX pacrnopoB pH = 7, nn.si KHCJibIX pH < 7, ):(JI.sI 111enoqHhIX pH > 7. 
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KoHCTaHTbI LJ.HCCOUH3UHH .umi ypastteHHii (2.5.5) Moryr 6b!Th JanHcaHhI B BH.Lle 

[ H30 + ][A -] , _ [ H30+ ](B] 

Kd = [H20 ](AH] ' Kd - (H20 J[ BH+ l 
ITocKOJlbK)' KOHI.(eH1paum1 BO.llhl B 60JibUIHHCTBe CJIY'faes O'IeHb BeJI11Ka, ee 

MO)!(HO C411T3Th noCTOHHHOH. ITo:noMy KHCJIOTHO-OCHOBHOe paBHOBec11e MO)!(

HO xapaKTep1130B3Th T3K H33bIBaeMbIMH KOHcmaHma,wu KUCJlOmHocmu: 

Ka =[H20]·Kd, K~ =[H20]·Kd . (2.5.7) 

qeM 60JibUie KOHCT3HT3 KHCJIOTHOCTl1, TeM CHJibHee KHCJIOTa. C11ny KH

CJIOT npHHHTO xapaKTepH30B3Th seJIH'IHHOH pKa = - lg Ka . O.nttoii H3 HaH6o

Jiee CHJibHblX KHCJIOT HBJIHeTCH XJIOpHaH Kl1CJIOTa (pKa = - 8), K CJia6bJM KHCJIO

TaM OTHOCHTCH, Hanp11Mep, yKcycHaH (pKa = +4,75), CHHHJlbH3H (pKa = +9,4). 

)J,m1 MHOfOOCHOBHhlX KHCJIOT BBO~T HeCKOJibKO KOHCT3HT K11CJIOTHOCTH - .llJIH 

K3)!(,llOro .llHCcou1111pyiotUero npoToHa. TaK, Hanp11Mep, .llJIH opTO<jJoccpopHott 

KHCJIOTbl pK, = 2, I; pK2 = 7 ,2; pK3 = 12. 

BMecTO ypasHeH11tt (2.5.5) MO)!(HO HCnOJib30BaTb ypasHeH11H .UJIH peaKu11tt 

OCHOB3HHH e so.noH.: 

A- + H20 B AH + Off, 
B + H20 B BH+ + Off. 

(2.5.5) 

Tor.na no aHanor1111 e KOHCT3HT3Ml1 KHCJIOTHOCTH MO)!(HO BBeCTH KOHCT3HTbl 

OCHOBHOCTl1 : 

(AH][ OH-] , [ BH+ ][OH-] 
Kb = [A-J , Kb = [B) · 

04eBl1.llHO, 'ITO KaKb = Kw, K~Kb = Kw. 
B pa36aBJieHHhlX paCTBopax CHJlbHble KHCJIOTbl H OCHOB3HHH .lll1CCOUHHpy

IOT nOJIHÒCTblO (a = 1), no3TOMY B TaKHX pacrnopax pH onpe.neJIHeTCH Heno

cpe.ncTBeHHO no KOHUeHrpauHH Bell.(ecrna, sse.neHHOro B pacTsop. HanpHMep, 

pH pacrnopa HCI e KOHI.(eHTpauHeH 0 ,02 H paseH - lg ( 2 ·I 0 -
2 ) = 2- lg 2"" 1, 7 , 

a .llJIH pacrnopa NaOH e TaKOH )!(e KOHI.(eHTpauHett pOH = - lg ( 2·10-
2

) = 1, 7; 

pH = 14-p0H=l2,3 . 

B CJIY'fae cna6b1x KHCJIOT H OCHOB3HHH (a << 1) Ha.no Y'f11TblB3Tb 11X He

nOJIHYJO .llHCCOUH3UHJO. PaccMOTpHM, Hanp11Mep, pasHosecHe 

AH + H20 <-+ A- + H30 +, 
C(l-a) Ca Ca 
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Ca
2 

[ J r.ne e - KOHUeHTpaum1 pacTBopa. Tor.na Ka=--~ca2 , H3o+ =Ca2= 
1-a 

=~KaC . Cne.nosaTeJihHO, 

pH =1pKa +1IgC . (2.5.6) 

'.:ho Bh1pa)Kem1e crrpase.nmrno TOJihKO .nm1 cna6h1x KHCJIOT. 

B o6meM cnyqae Ha.no J"'IHThIBaTh co6cTBeHHYIO ,nHccouHaUHIO so,nhI. 

,[(m1 BhJqHCJieHHll KOHUeHTpaUHH HOHOB rw.npoKCOHHll MO)!(HO 11CI10Jih30BaTh 

cne,nyIOIUHe qeTb1pe ypasHeHHll: 

[ H30+ ][A -] 
K=~-~ 

a [AH] ' 

Kw = [ H30 + ][OH-], 

[ H30+ ]=[ A- J+[ OH- ], 

C=[ A- ]+[AH). 

Tpcrbe H qcrseprne ypasHeHl1l! rrpe.ncrnBJilllOT co6oM: ycnos11e 3JieKipoHeii

TPaJihHOCTH H 3aKOH coxpaHeHl1l! semecTsa coOTBeTCTBeHHO. CosMeCTHoe peweHHe 

3THX ypaBHeHHH rrpHBO,nHT K ey6HqecKOMY ypaBHeHHIO OTHOCHTeJibHO KOHUeH

TPaum-1. rtt_npOKCOHHll, KOTOpoe MO)!(HO peWHTh CTatt,napTHh!MH MeTO,naMH. 

KHcJIOTHOCTh pacrnopos coneM: 3as11c11T OT HX cocTaBa. CoJIH CHJihHOì1 

KHCJIOThl H CHJihHOro OCHOBaHHll He 113MeHl!IOT pH paCTBOpa. Comi CHJihHOH 

KHCJIOThl H cna6oro OCHOBaHHll yMeHbillalOT pH, a COJIH CHJihHOrO OCHOBaHHll 11 

cna6oM: KHCJIOThI rrOBhIWalOT ero. fw.nponH3 coneM: cna6oM: KHCJIOThI H cna6oro 

OCHOBamrn 6onee CJIO)!(eH. PaCCMOTpHM .n11ccouHaUHIO TaKOH conw: 

ABH <--+A-+ BH+. 

06pa3osasw11ecl! B pe3ynhTaTe .n11ccou11au1111 HOHhI r11.npon113y10TCll B co

OTBeTCTBHH c. ypasHeHHllMH peaKUHH 

A - + H20 <--+ AH + OH-, 
BH+ + H20 <--> B + H30 +. 

CooTBeTCTBYIOIUWe KOHCTaHThI pa0Hosecm1 

, [AH][oH-J 
K = [A-] , 

Ecm-1 K' ~ K" , TO 

K" = [ s][ H3o+ J 
[sH+] 

[oH- J~[H3o+ ], [AH]~[B] , [A- J~[BH+]. 
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)1,II51 cyMMapHOH peaKUl111 rn.npon113a 

A - + BH+ + 2H20 <-->AH+ B + H30 + Off 

KOHCTaHTa paBHOBeCll! 11MeeT Bl1.L{ 

K - (AH](BJ[ H30+ ][OH- ]_ (AH](B]Kw 

- [A-][ BH+ ](H20 ]
2 

- [A-][ BH+ ](H20]2 

KbKw 
2 , 

Ka (H20] 

" Kw r.ne Kb = K , Ka = K' - KOHCTaHThI OCHOBHOCTl1 11 Kl1CIIOTHOCTl1 .UII51 nap 

BH+/B 11 AH/A-. Mm1rno rroKa3aTh, qTQ [ H30 + J2 = KaKb, T. e. 

pH=~(PKa +PKb) · 

Eyqiepttbie pacrnopbI 

I>y<f>epHbie pacrnopbI - 3TO TaK11e pacrnopb1, •no np11 11x pa36asnett1111 
11Jil1 ,1106asneHl1l1 K Hl1M He60JibWl1X KOJI11qecTB Cl1JlbHblX Kl1CJIOT 11Jil1 OCHOBa
Hl1H 11x pH 113MeH51eTC51 He3Ha'-!11TeJibHO. Cnoco6HOCTb pacTBOpa coxpatt51Th pH 
ttel13MeHHbJM xapaKTep113yeTC51 6yqieptt0H eMKOCTblO /J: 

dB I dA I 
fJ = dpH = dpH ' 

r.ne B 11 A - KOJI11'-!eCTBO meno'-!11 11n11 Kl1CJIOTbI, .no6asneHHoe K pacTsopy. 
Mm1rno noKa3aTh, '-ITO 

/J=2,3([ H3o+]+[ OH - ]) . 

PacTBopHMOCTb 

PacTBop11MOCTb10 semecTBa s Ha3b!BaIOT Kon11qecTBO Monei1 semecTBa, 
KOTOpoe MO)!(HQ paCTBOp11Tb B I Il ,11aHttOro pacrnop11TeJrn npH 3a.naHHOH TeM
nepaType. Pacrnop11MOCTh TaK)!(e '-!aCTO Bb1pa)!(a10T Kon11qecTBOM rpaMMOB se
mecTBa, KOTOpoe MO)!(HQ paCTBOp11Tb B I 00 MII paCTBop11Tem1. 

T11n11'-!tthIM np11MepoM ManopacTBOp11MblX semeCTB 51BJI51eTC51 cynh<t>aT 6a
ptt51, BaS04. Ecn11 e - pac'-!eTHa51 KOttuettTpau1151 BBe.L{eHHOfO B pacrnop 
BaS04, TO KOHCTaHTa .n11ccou1-rnu1111 paBHa 

[ Ba
2
+ ][so~-J 

K=~~-~ 
(BaS04 ] . 
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0L(ttaKo, ITOCKOJlbKY (BaS04]"' const, pasttosec11e B TaKOH Cl1CTeMe MO)!(HO 

oxapaKTep1130BaTb BeJI11q11ttoìf, CXOL(HOH rro CMbJCJIY e 11Hb!M rrp0113Be,[(ett11eM 

BOL\bl 11 Ha3bJBaeMOH rrpo113seL(ett11eM pacTsop11MOCT11, L5 : 

L5 = [ Ba
2
+ ][SO~- ]"' const. 

[ 2+] [ 2-J 2 IlocKOJibKY pacrnop11MOCTb s = Ba = S04 , TO L5 = s . B cJiyqae 

cyJibcpaTa 6apm1 s = 10-5 M, l s = 10- 10 M2
. 

EcJI11 3apJ1L\bl KaTttotta H aHHOHa pa3Hbie, TO rrpomseL(eHtte pacTsopttMOCTl1 

Bb1q11cJIJ1eTCJI B COOTBeTCTBHH e 06m11MH npaBttJlaMH onpeL(eJieHHJI KOHCTaHTbl 

pasttbsec11J1 . HarrpttMep, L(JIJI xpoMosoK11cJioro cepe6pa 

Ag2Cr04 ~ 2Ag + +ero~- , Ls = [ Cro~- ][ Ag + J2 "' 8 . 10- 12 M 3. 

IlocKOJJbKY s = [ CrO~- J, ls = s·(2s)2 = 4s3
, T. e. pacrnopttMOCTb 3TOH coJI11 

S::::<2·10- 4 M. 
Ecntt K pacTsopy MMopaCTsopttMoro coeL(ttHeHHJI L(o6asttTb xopowo pac

rnopttMbIH 3JieKTPOJIHT, HMe!Oll.{HH 06m11ìf HOH e MaJiopaCTBOpHMbIM coe,[(HHe

Hl1eM, pacTsopHMOCTb noCJieL(Hero YMettbwaeTCJI. 3To nerno Bl1L(eTb tta npttMepe 

cyJibcpaTa 6ap11J1, eCJIH K ero pacrnopy L(06aBHTb cepHOH KHCJlOTbl. IlycTb KOH

uettrpau11J1 cepttoìf KHCJJOTbl cocTaBJJJieT 0,1 M. Toma L(JlJI pacrnopttMOCTH s' 

CYJibcpaTa 6ap11J1 B 3TOM cnyqae HMeeM : [Ba 
2
+ J = s', [so~-J =O, 1 + s' . Ilo-

3TOMY npomse,[(etttte pacrnopttMOCTH l 5 = s' ( s' +O, I). IlocKOJibKY s' << 1, rro

JiyqaeM s' "' I Ols = I o-9 M., T. e . pacrnopHMOCTb YMeHbllll1JlaCb Ha 4 nopJIL(Ka. 

AKTMBHOCTM MOHOB B pacTBope 

3JJeKTPOCTaTH'IeCKHe B3aHMOL(eHCTBHJI Me)!(L(y HOHaMH B pacrnope (a TaK

)!(e Me)!(L(y HOHaMH H MOJJeKyJJaMH pacrnop11TeJJJ1) HaCTOJlbKO CHJlbHbl, qTo pac

T BOpbl 3JJeKTPOJIHTOB MO)!(HQ cq11TaTb pa36asJieHHblMH TOJlbKO rrpH KOHUeHTpa

UHJIX MeHee I 0-3 M . 
0603Haq11s µ XHMH'-leCKHH IlOTeHUHaJI 3JleKTpOJJHTa, L(JIJI CMeCH HOHOB B 

I, J- 3J1eKTpon11Te ( O.UHO-O.UHOBaJieHTHbIH 3JieKTpOJIHT - KaTHOH 11 aHHOH HMe

IOT BaJieHTHOCTb, paBHYIO I) MO)!(eM 3an11caTb COOTHOllleH11e 

µ= µ+ +µ_ , 

r.ue µ+ 11 µ_ - Xl1MH'-leCKHe IlOTeHUHaJJbl KaTHOHa 11 aHHOHa. 0603Haq11M HH

.ueKCOM id 11,[(eaJibHYIO CMeCb, Tor.ua 
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id id 
µ = µ+ + µ_ +RTlnr+Y-, 

r.a.e Y+ 11 Y- - KOJcjl<jmuHeHThl aKTHBHOCTH HOHOB. 0TKJIOHeHHH OT 11.a.eaJihHO

CTH CBH3aHbl e nocJie.D,HHM '!JieHOM B npaBOH '!aCTH JToro ypaBHeHHH. Ero Be

JIH'IHHY MO)!(HO oueHHTh Ha OCHOBaHHH JKCnep11MeHTaJibHblX .D,aHHhlX, O.D,HaKO 

BbI.D,eJlHTh BKJla.D,bl KaTHOHa H aHHOHa HeB03MO)!(H0. IlocKOJlhKY OCHOBaHHH .D,Jl}J 

np11n11Cb1BaHHH pa3Hh!X 3Ha'!eHHH KOJcjlcjl11u11eHTaM aKTHBHOCTeH HeT, 11Y4WHM 

np116JlH)!(eHHeM 6y.D,eT npHnHCaTb HM 0.D,HHaKOBb!e 3Ha'!eHHH y ± , Ha3 bIBaeMble 

cpe.a.HeH HOHHOH aKTHBHOCTbJO: 

id 
µ+ = µ + +RTlny±, 

µ _ =µ~d +RTlnr±· 

C11e.a.osaTeJibHO, r ± = ~ r +Y - . 

B o6meM cny4ae, Kor.a.a np11 .a.11ccou11au1m 06pa3yercH V+ KaTHOHOB e 3a

PH.D.OM Z+ H V_ aHHOHOB e 3apH.D.OM z_, HMeeM: 

OTKy.D,a 

V=V+ +V_ , 
v+z+ +v_z_ =0, 

V+=-( z_ )v, v_ =( Z+ )v. 
Z+ -z_ z+ -z_ 

(2.5.7) 

Ec1111 MOAAJlhHOCTh paCTBOpa m, TO KOHl(eHrpau1111 HOHOB paBHhl m+ = V +m, 

m_ = v _m . )l,AA XHMH'leCKOro noTeHuHaJia .D,0Jl)!(H0 BhinOJlHHThCH COOTHOWeHHe 

µ=v+µ + +v_µ_=v+µ~d +v_µ~d+v+RTln r+ +v_RT lny_=v/d + RTln (r~+ y~- ). 

HcnOJih3YH no.a.xo.a., onttcaHHhlH BhIWe, MO)!(HO BBeCTH cpe.D,HIOIO HOHHYJO 

aKTf:IBHOCTh CJle.D,yJOIUHM o6pa30M: 

µ=v[µid +RTln(r±)] . 

Tor.a.a 

I 

( v+ v_)v 
Y± = Y+ Y- · (2 .5.8) 

YlcnOJih3YH (2.5.7), MO)!(HO nepen11caTb )TO COOTHOWeHHe B BH.D,e 

ln h=-( ~ )1n ~ +( 4 )1n ~ . 
4-~ ~-~ 

(2.5.9) 
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CooTHOlllemui (2.5.8) H (2.5 .9) cooTBeTCTBYIOT paBHhIM BKna.uaM KaTHOHa 

H aHHOHa B OTKJlOHeHHe pacTsopa OT w.ueanhHOCTH. Bh1qHc11eHHe cpe.uHero 

HOHHOro K03cpqmutteHTa aKTHBHOCTH Ha OCHOBaHHH CBOHCTB HOHOB npe.ucTaB

m1eT co6oì1 O.UHY H3 Ba)l(HettlllHX 1a.uat:f Teoptttt 311eKTP011HTOB. B 1923 r. )J;e6aì1 

11 X!OKKeJlb .uaJIH nepsoe pellleHHe 3TOH 3a,!la4H, KOTOpoe, HeCMOTp51 Ha MHOr11e 

He.uocTaTKH, HCnOJlh3yeTC51 .uo CHX nop. 

Teop1u1 pacTsopos 3JieKrpom:ITos ,lJ;e6m1-XJOKKem1 

TeopH51 )J;e6a51- XIOKKeJ151 OCHOBaHa Ha npe.UrIOJlO)l(eHHH o TOM , 4TO oc

HOBHOH BKJia.u B OTKJIOHeH11e nose.ueHH51 pacTBopa 3JieKTp01IHTa OT H.ueaJibHO

CTH o6ycJIOBJieH 3Ha4HTeJlbHOH BeJlHqHHOH H .uanhHO,!leHCTBHeM KYJIOHOBCKHX 

B3aHMO,!leHCTBHH HOHOB. 3To 0 3Ha4aeT, 4TO BCeMH OCTaJlbHblMH npH411HaMl1 

OTKJlOHeHl1H OT w.ueaJlbHOCTl1 MO)l(HO rrpeHe6peqb. 

IloCKOJlbKY rrpOTl1BOI10J10)1(H0 3ap51lKeHHbie 110Hbl rrp11rnr11sa10TC5! .upyr K 

.upyry, B6J1H311 cnyt:fattHO BbI6paHHOro KaTHOHa CKOpee scero OKa)l(yTC51 aHHO

Hbl , 11 Hao6opoT. HecMOTP51 Ha TO q'fo pacrnop B ueJIOM 311eKTPOHeì1Tpa11eH, 

s611113H mo6oro HOHa B cpe.uHeM .UOJI)l(eH 6bITb H36bJTOK rrpoTJ-JBOHOHOB (110HOB 

rrpoTHB0110110)1(HOro 1ap51.ua). TaKoe pacnpe.ueneHtte HOHOB rrpttBO.UHT K 06pa-

1osaHHIO ((110HHOH aTMOCcf>epbl», 3ap51.U KOTOpoì1 KOMneHc11pyeT 3ap51.U ueH

TPaJlbHOro HOHa. 3a C4eT 311eKTpocTaTtt4eCK11x s 1awMo.ueì1crnHì1 e HOHHOH aT

Moccf>epoì1 3Heprtt51 ueHTPaJlhHoro HOHa 11, cne.uosaTenhHO, ero XHMl14eCKHì1 

ITOTeHuHaJI yMeHblllalOTC51. ITOCKOJlbKY B 11.ueaJibHOH CMeC11 TaKoro CHl1)1(eHH51 

HeT, ero cne.uyeT OTHeCTl1 K 113MeHeHl1!0 Xl1M11qecKoro ITOTeHu11a11a 11.ueaJlbHOH 

CMec11 3a C4eT BBe,!leHH51 K03cpcf>11u11eHTa aKTHBHOCTH. 

B Mo.ue11w )J;e6a51- XIOKKeJ151 pacrrpe.ue11ett11e 3JieKTpttt:fecKoro noTeHu11a-

11a 11 110HOB BOKpyr CJly4aHHO BhI6paHHOro HOHa B paCTBOpe orrpe.ue115leTC5i 

ypasHeHH51MH IlyaccoHa 11 EonhuMaHa. 3To 01HaqaeT, qTo ace npoueccbI B 

pacTBope rrpoXO.!l51T .UOCTaT04HO Me,!lJieHHO, qTo6bI He HapylllaJIOCb paBHOBec

HOe pacrrpe.ueneHtte EonhuMaHa. 

)];1151 rrpOCTOTbl BbJ6epeM B Kat:feCTBe ueHTpanbHOro HOHa O.UHOBaJieHTHblH 

KaTHOH. Yp·aattettwe IlyaccoHa HMeeT BH.U 

!1.rp=-_E_ 
eco , 

(2.5 .1 O) 

r.ue p - o6beMHa51 ITJlOTHOCTb 3ap51.ua, r: - .UH3JleKTpHqecKa51 npOHHuaeMOCTb 

cpe,!lbl, E:o - 3JieKTPl14eCKa51 ITOCTOllHHal! ( /';. '= V 2 
- .UHcpcf>epeHuHaJlbHbIH 

onepaTOp Jla1111aca) . EcnH n; - KOHUeHTPaUHll HOHOB (lllT.ICM
3
) , TO o6beMHal! 

nnoTHOCTh 1ap51.ua pasHa p '= Iez;n; , r.ue z; - BaJieHTHOCTh HOHa (rrono)l(H-

; 

TeJlhHa51 11J1H OTpttuaTeJlbHall) , e - 3ap5!.U npOTOHa. IloCKOJlbKY Ha .UOCTaToqHo 

60JlblllOM y.ua11eHHH OT ueHTpaJibHOro HOHa ero none ITOJlHOCTblO 3KpaHHposa-
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HO, TO BHe 110HHOH aTMoc<t>epbl KOH1..(eHTpau1111 110HOB nOCTOl!HHbl 11 paBHbl n;o. 
Tor)l,a, HCnOJJh3Yll pacrrpe)l,eJJeH11e bOJlhUMaHa )l,Jlll JIOKaJJbHOH KOHUeHTpau1111 

110HOB 11 C'111Tall, 4TO 11x 3Hepnui onpe)l,eJJlleTcR TOJihKO KYJJOHOBCKl1M s3a11Mo

)l,eifcTB11eM e ueHTpaJJbHblM 110HOM, MOJKeM 3an11caTh COOTHOWeH11e 

_ z;erp 

ni = niOe kT , 

r)l,e <p - noTeHu11aJI ITOJill B )l,aHHOH T04Ke . .[lJill Cl1JibHO pa36asJJeHHblX paCTBO

pOB ()l.JIR KOTOpb!X rrp11MeH11Ma TeOp11ll .IJ:e6al!-XIOKKeJJll) nOKa3aTeJJb 3KcnO

HeHTbl MOJKHO C411TaTh MaJihlM. Tor)l,a, pa3naral! 3KcnoHeHTY B plln 11 orpatt11-

411Ballch rrepBblM11 LlBYMll 4JleHaMl1 pa3JIOJKemrn, ITOJIY411M 

( 
zierp) ni =niO I- kT . (2.5.11) 

Pewal! cosMecrno (2.5.10) 11 (2.5 .11) )l,JIR c<t>ep114ecK11 c11MMeTp114HOH 

c11cTeM&1, rronyLJ11M o6wee pewettue B s11ne 

rne 

e-Kr eKr 
rp=C1--+C2-, 

r r 

2 
K2 =-e--LniOz}. 

a:okT i 

I1ocKOJihKY BHe 110HHOH aTMoc<t>ep&1 <p = O, TO 11 C2 = O . 
.Il:AA o6beMHOH nJIOTHOCTl1 3apRna 11MeeM COOTHOWeH11e 

'°' '°' ( z;erp) '°' z;erp p = L. ez;n; = L. ez;n;o 1- kT = - L. eziniO kT , 
I I I 

l10)1,CTaBl1B B KOTOpoe BbipaJKeHl1R L(Jlll K 11 <p, ITOJIY411M 

- 2 e-Kr 
p--cc0 K c1--. r 

(2.5.12) 

(2.5.13) 

DocKOJJhKY CYMMapHhIH 3aplln HOHHOH aTMoc<t>ep&1 paseH 3apllny uett

Tpan&ttoro 110Ha e rrpOTl1BOITOJI0)KHb!M 3HaKOM, TO 

00 

ezo = J p47rr2dr, 
a 

rne a - paccTOl!H11e, Ha KOTopoe MOrYT c6JIHJKaThCR 110HhI. Docne 11HTerp11po

BaHHll ITOJIY'fl1M )l,JIR KOHCTaHTbl C1 cnenyiowee Bbipa:lKeH11e : 

Ka 
c,=~·-e __ _ 

4Jrc0c 1 + Ka 
(2.5.14) 
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:::ho TaK tta3bIBaeMoe BTOpoe nptt6mrn<em1e .[{e6aa-XIOKKena. B rrepsoM 

nptt6nmKeHHH HOHbI c•-mTalOTCll T04e4HbIMH, T. e . a = O. 
IloTettuHaJIOM HOHHOH aTMOCcpepbl Ha3bIBalOT ITOTeHuHaJI, C03.llaBaeMblH 

BCeMH HOHaMH aTMOCcpepbl B MeCTe HaxmK.11eHHl! ueHrpaJibHOfO HOHa. IlocKOJibK)' 

zoe eKa - Kr 
rp= --· -- e 

4Jr&o& I+ Ka . -r- = ({Jo + rpa ' 

z0e 
r.ne <Po = - noTeHuttan uettTpanbttoro 11otta, TO noTeHuttan 11ottttoì1: 

4Jr&0&r 

aTMOCcpepbl (/Ja MO)!(HO HaHTH KaK npe.11en pa3HOCTH qJ - ((Jo rrpH r ~o (pac

Kpb!Bal! tteorrpe.11eneHHOCTh no npasttny Jlon11TaAA): 

z0eK 
<Pa =---. 

4Jr&oE 
(2 .5.15) 

3ToT noTettuttan paseH noTeHuttany pasttoMeptto 3apa)f(e~ttoì1: ccpeptt4e

cKoì1 o60JI04KH pa.1111ycoM K- I e 3apl!.l\OM - Zoe, n03TOMY BeJIH4HHa K-I Ha3b!Ba

eTCll pa,nttycoM HOHHOH aTMOCcpepbI. 3Heprnll B3aHMO.lleHCTBHll uettrpaJibHOfO 

HOHa e HOHHOH aTMOCcpepoì1: TaKaH )!(e, KaK 11 3Heprm1 B3aHMO.lleHCTBHll .nsyx 

npOTHBOCTOJIO)f(HO 3apll.)f(eHHb!X HOHOB (- zoe H +zoe), pacnOJIO)f(eHHb!X Ha pac

CTOll.HHH K- I .11pyr OT .11pyra. 3To CT03BOJIHeT C4HTaTb, 4TO 113MeHeHHe 3HeprHH 

uettrpaJibHOfO HOHa 3a C4eT B3aHMO.lleHCTBHH e ero HOHHb!M OKp~eHHeM paB

HO nOJIOBHHe CTOJIHOH 3HeprHH 3JieKTpocTaTH4eCKOrO B3aHMO.lleHCTBHll: 

2 2 z0 e K 1 - . 
!1E = - zoerpa = - 8Jr&o& e 2 (2.5 .16) 

C4HTall., 4TO OTKJIOHeHHll OT 11.11eaJibHOCTH B Bbipa)f(eHHH .l\Jill. XHMH4eCKO-

'd 'd 
ro ITOTemmana HOHa µ+ =µ~ +RTlnr±, µ_ =µ!__ +RT!nr± ITOJIHOCTblO 

o6ycnOBJieHbI 3JieKrpOCTaTH4eCKHMH B3aHMO.lleHCTBHl!MH HOHa e HOHHb!M OK

N Az5e2 K 
py)f(ettHeM, T. e. RTinr± = NAD.Ee = , MO)f(HO rrony4HTh .llJill. .11ecll.-

8Jr&0& 

TH4HOro norapttcpMa K03cpcpHuHeHTa aKTHBHOCTH CJie,nyror.uee COOTHOWeHHe: 

r.11e 
e2 

· 23.j20ii'; 

A"" 8Jr~( &
0
ckT)3 ' 

Igr± = -lz+z-1 A.JJ, (2.5.17) 

I'°' 2 J = - ~ c;zi - 11ottttal! cttna pacTBopa. CooTttowe-
2 

HHe (2.5.17), 3anHCaHHOe .llJ1ll .11ecll.TH4HOfO norapttcpMa K03cpcpttuHeHTa aKTHB

HOCTH, Ha3bIBaeTCH npe.11enbHblM 3aKOHOM .[{e6all-XlOKKeJill. 
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11cnoJib30BaH11e BToporo np116nm1<eHl1ll B Bbl'-111CJieHl1l!X np11BO]ll1T K cne

ny10meMy Bb1pa)f{em110: 

lgy± = _lz+z- IA.Jf 
l+aB.Jf ' 

(2.5.18) 

20N 
rne B = lOe , __ A_ , a senwrnHa napaMerpa a, ttMe10mero CMbicn M11H11ManhHO-

r:o&kT 

ro pacCTOllHHll Me)!(Jly 110HaM11, non611paeTCll 3Mn11p11'IeCKl1. <l>opMyny (2 .5 .18) 
11HOrna 1an11Cb1BaIOT B s11ne 

lgy± = 
lz+z- IA.Jf 

1+.JJ 
(2.5.19) 

KOTOpblH COOTBeTCTByeT 3HaYeHHIO a = 0,304 HM ]lJill scex 3JieKTpOJIHTOB (nptt 

25 °C). B TaKOM Bl1]le OHa MO)f{eT HCnOJib30BaTbCll BO MHOfHX CJiy4allX ]lO KOH

lleHTpal(HH, COOTBeTCTBYIOll.{11X 110HHOH c11ne 0,1 M. ,[(nll 6onee Bb!COKl1X 3Ha

'feHl1H HOHHOH Cl1nhl 11CnOJib3YIOT nonOJIHl1TeJibHb!e nonpaBKH K (2.5 .18). 
KpoMe Toro, cymecTBYIOT 3Mn11p114ecK11e ypasHeHttll, np11ronttb1e nnll 11cnOJib-

1osaH11ll BO BCeM ]lHana30He KOHl(eHTpal(HH 3JieKTp01111TOB. 

fpamu~bI pa.3.n;ena cpa.3. 

0KHCJIHTeJibHO-BOCCTaHOBHTeJibHbie rrpou:ecCbl. 

3neKTPO)l;bl 

,[(Jill pacnpeneneHHll noTeHu11ana s6n11111 rpaHl1UhI pa1nena cpa3 npttHllTa 

cneny10mall TepM11HOJIOfl1ll. 

IT0Tettu11an BHYTPH cp33bI Ha nocrnT04HOM ynaneHHH oT rpaHl1UhI pa1nena 

cpa3 Ha3brnaeTCll eHympeHHUM nomeHlJUalloM (cp;). OH paseH pa6oTe no nepe

Mell{eHHIO e]lHHl1'fHOro TIOJIO)f{HTeJibHOro 3apllna 113 6eCKOHe4HOCTl1 B BaKyyMe 

B naHHYIO T04KY cpenhl. 

· IToTeHuttan sttyrp11 cp33bI B HenocpencrneHHoif 6n111ocT11 K rpaH11ue pa1-

n ena cpa3 H33bIBaeTcl! noeepxHocmHblM nomeHlJUGllOM cpa3bI ( cp .. ) 11 paseH pa6o

Te no nepeMemeHl1!0 en11HH4HOro nOJIO)f{l1TeJibHOro 3apl!na 113 T04Kl1 B BaKYYMe 

B6JIH3H rpaHHUbl pa1nena <Pa3 B T04KY Ha nosepXHOCTl1 cpa3bl. 

BHeumuu nomeHlJUa!l cpa3bI (cp0 ) paseH pa6oTe no nepeMell.leHHIO en11H114-

Horo noJIO)f{l1TeJibHOro 3apllna 113 6eCKOHe'fHOCTH B BaKyyMe B T04KY B Heno

cpencTBeHHO 6n111ocT11 K rpaHttue pa1nena cpa1, Ho TO)f{e s saKyYMe. 

I'a!lb6QflU-nomeft lJUQJl - 3TO pa3HOCTb BHyTpeHHHX noTeHI.(11aJIOB nsyx 

rpa Hl1'fall.111X cpa3. 

BOllbma-nomeHlJUQJl - 3TO p33HOCTb BHellIHl1X noTeHUl1aJIOB JlBYX rpa

HH4all{HX cpa3. 
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flpaBUJlbl-IO pa30MK1-1y maR 4enb - 3TO TaKaH 311eKTpw-recKaH uerrb 113 rrpo
BO.llHl1KOB 1-ro 11 2-ro po.ua, Ha KOHuax KOTOpoì1 HaXO,lll1TCH O,lll1H 11 TOT )!(e Me
Ta1111. 

ToK 4epe3 pacTBop (pacrr11as) 311eKTpo1111rn MO)l(eT 6b1Tb 06yc11os11eH 
TOlibKO rrpoueccaM11 rrepe3apH,nK11 110HOB Ha 311eKTpo.uax, TaK KaK ,npyr11x Hoc11-
Te11eì1 3apH.ua B Cl1CTeMe HeT. TaKl1M o6pa30M, TOK 4epe3 paCTBOp CBH3aH e rre
peHOCOM 3apH.ua 4epe3 rpaHl1Ubl pa3.ue11a cpa3 MeTaJilI - pacTBOp, T. e. OKl1C1111-
Te11bHO-BOCCTaHOBl1Te11bHblMl1 rrpoueccaMl1 Ha rrosepXHOCTHX 311eKTpO,llOB. 

PaccMOTp11M c11cTeMy, cocTomuyID 113 Me.UHOro :meKTpo.ua, onyw;eHHOro B 
pacTBop cy11hcparn Me,n11 (Il). l1oHbI Cu2

+ MoryT rroK11,naTh pacTBop 11 oca)l(
.uaTbCH Ha 311eKTpo.ue, .uocTpa11saH ero Kpl1CTa1111114ecKyfO peweTKY. Ho MO)l(eT 
11.llTl1 11 o6paTHbIH npouecc - pacTBopeH11e 311eKTpo,na. T11n npouecca onpe.ue-
11HeTcH pa3HOCTbfO 311eKTpoxHM11'leCKHX rroTeHu:Ha11os 110Ha Cu2

+ B pacTsope 11 
MeTa1111e. B o6meM ClIYlJae OHa He pasHa HYlifO. 

Bse.ueM o603HalJeH11H: µMe2 = µ;m; µ 5 2 = µf . I1p11 ITOCTOHHHOH TeM-
Cu + Cu + 

rreparype µ;m = const , a µf = µf { [ Cu 2+ ] , [e;], ... ) 3as11c11T OT KOHUeHTpaurr11 

110HOB Me.UH, .upyr11x KOMTIOHeHTOB paCTBOpa, T11na paCTBOp11TelIH 11 T. n. 

Ec11H µf > µ;m , TO 'laCTb HOHOB rrepeì1.ueT 113 pacTsopa Ha nosepxHOCTb 

311eKTpo.ua, BOCCTaHOBl1TCH .llO aTOMOB Me.UH H rrpH 3TOM 3apH.ll11T 311eKTp0.ll no
lIO)l(HTelibHO. 3ap.si)l(eH11e 311eKYpo.ua rrpttse.ueT K 113MeHeH11fO rroTeHu:Ha11a 
311eKYpo.ua H, c11e.uosaTe11bHO, 311eKTpO-XHM11'!eCKoro noTeHu11a11a Cu2

+ B Me-

Ta1111e. B KOHUe KOHUOB, ycTaHOBl1TC.s! paseHCTBO µf = µ;m , COOTBeTCTBYfOmee 

HeKOTOpOMY 1136bITO'IHOMY 3apH.llY (11 TIOTeHutta11y) 311eKTpo.ua. 

Ec11H HCXO,llHO µf < µt , TO 11,lleT o6paTHbIH rrpouecc, rrp11 KOTOpOM 311eK

YpO.ll pacTBOpHeTcH - aTOMbI Me.UH OKHClIHfOTCH .uo 110HOB Cu2
+, noc11e.uHHe ne

pexo.[(HT s pacTBop, a 311eKYpO.ll 3apH)l(aeTcH orp11uaTe11bHO .uo Tex rrop, rroKa He 
cpaBHHfOTCH 311eKTpoxttM11'!eCK11e noTeHUHaJibI Cu2+ s pacTsope 11 MeTa1111e. 

I1ocK011bKY µ f = µf { [ Cu2+ ] , [cd, ... ) , TO MO)l(HO rro.uo6paTb TaKYfO HC

xo.uttym KOHUeHTpaumo HOHOB Cu2
+ B paCTBope, lJTO cpa3y HMeeT MeCTO pa

BeHCTBO µ f = µt . TaKoì1 pacTsop H33bIBaeTCH 1-1y;1eBbIM pacmeopoM Ò!IR òa1-1-

ft020 :J!leKmpoòa. 

Ec11H pacTBop He Hy11esoì1, TO Ha rpatt11ue pa3.ue11a cpa3 311eKYpo.u - pac
TBop BCer.ua 06pa3yeTCH TaK Ha3bIBaeMbIH Ò60Ul-IOU 3!leKmpu'leCKUU CJIOU 

()J.3C), KOTopoMy COOTBeTCTBYeT rrpocrpaHCTBeHHOe (MaKpOCKOIIJ1lJeCKOe) pa3,ne
neH11e 3apH.UOB 11 cooTBeTCTBYIOmee pacrrpe.ue11eHHe n0Tettu11ana. 

Cxo.uHbie npoueccb1 npo11cxo.u.s1T Ha rpaHHuax pa3.ue11os 11106b1x cpa3, rrp11 
TOM 4epe3 rpaH11uy pa3.ue11a rrpoHHKafOT, KaK rrpas11110, 111160 110HbI, 111160 
'11eKTpOHbJ. Ec11H MeTa1111 Haxo.u11TCH s saKyyMe, TO .[J:3C y ero rrosepxHOCTH 
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06pa1yeTcll 1a ct.feT «11crrapemrn» ::meKTpOHOB. ITosepxHOCTHhitt rroTeHI..111an 

MeTaJIJia 6y.ueT orrpe.ueJillThCll pa60TOM Bh!XO,Ua 3JieKTpOHa. 

AHanorwrnh1e rrpouecch1 rrpo11cxo):(5IT Ha rpam1uax pa3.uenos Me)!(.uy pa1-

HhIM11 MeTannaMl1. Pa3HOCTh TIOTeHul1aJIOB .usyx MeTannoB, HaXO.UlllUl1XCll B sa

KYYMe 11 HMe10m11x 06111yIO rpaHmi:y pa3.uena cpa3, Ha3h!BaeTCll KOHmaKmHoìi 

pa3Hocmb10 nomeH11uaJ106. 

Me)!(.uy .UBYMll 3JieKTPO.UaMl1, ITOMeIUeHHhIMl1 B CB011 HyJieBhie paCTBOphl, 

B03Hl1KaeT pa3HOCTh 3JieKTPl1t.feCKl1X ITOTeHu11aJIOB, KOTOpall BO MHOr11x cnyqa

llX cosna.uaeT e KOHTaKTHOtt pa3HOCTblO ITOTeHu11anoB Tex )!(e MeTaJIJIOB. 

KrraccHcpHKau;m1 3JieKTpOLt:OB 

3neKTpO.Uhl, 11CITOJih3yeMhie B 3JieKTpOXl1Ml1t.feCKl1X 11CCJie,UOBaHl1llX, pa3-

.uemIIOT Ha Tp11 po.ua. 3neKTpO.UhI 1-ro po.ua - 3To MeTann11qecK11e (11n11 Me

Tanno11.UHb1e) 3JieKTµO.Uhl, norp~eHHble B paCTBOp, co.uep)!(a11111H. 110H COOT

BeTCTBYIOIUero MeTaJIJia. K 3Tl1M 3JieKTpo.uaM OTHOCllTCll TaK)!(e aManhraMHhie 

11 ra1osh1e 3JieKTpO.UhL 

3neKTPO.UhI 2-ro po.ua cocTOllT 113 MeTanna, rroKphnoro cnoeM ero Tpy.u

Hopacrnop11Moì1 con11, co.uep)!(amett. aH110H, rrp11cyTcTsy10m11H. B pacrnope. 3T11 

3JieKTp0,Uhl llBJilllOTCll o6paTl1MhIMl1 no COOTBeTCTBYIOIUeMy aHl10Hy. 

KpoMe 3Tl1X .usyx Tl1ITOB 3JieKTµO.UOB w11poKO rrp11MeHl110TCll 110H006MeHHhie 

3JieKTµO.Uhl. Ha rpaH11ue pa3.uena cpa3 Me)!(.l(y 110Hoo6MeHHl1KOM 11 pacrnopoM 

B03Hl1KaeT pa3HOCTh TIOTeHI.(11aJIOB, o6ycnoBJieHHall rrpoueccaMl1 110HHOro o6MeHa 

Me)!(.uy cpa3aMl1. K 110H006MeHHhIM 3JieKTµO.UaM OTHOCllTCll CTeKJillHHhie 3JieKTµO

.UhI, 11CTIOJib3YeMhie .UJill 113MepeHl1H aKTl1BHOCTett 110HOB 11 pH pacrnopoB. 

,ll.BOHHOH 3IleKTPJflieCKI1ll cnoii 

Ha n1060H. rpaH11ue pa3.uena cpa3 06pa1yeTCll TaK Ha3h!BaeMhitt iJBoìiHoìi 

3fleKmpul.leCKUU CJIOU (.[J,3C), xapaKTep111y1011111ttCll BTIOJIHe orrpe.ueneHHhlM 

pacrrpe.ueneH11eM 3apH.ua 11 rroTeHu11ana . .[J,3C o6hI'-IHO 11MeeT .use qacT11: nnoT

Hhitt a,UCOp6Ul10HHbltt CJIOM feJihMroJihUa 11 .U11cpcpy3Hhltt CJIOM f1011- qeITMeHa. 

Cnott. renhMronhua o6pa3yeTCll rrp11 a.ucop6um1 110HOB Ha rpaH11ue pa3,UeJia cpa3, 

ero TOJIIU11Ha (c5) o6bI'-IHO COCTaBJilleT OKOJIO O.UHOro .u11aMeTµa COJihBaT11poBaH

HhIX 110HOB. 3rn t.faCTh .[J,3C rrpe,UCTaBJilleT co6ott. ITJIOCKl1tt KOH,UeHCaTOp, 11 B 

Hett TIOTeHu11an 113MeHlleTCll Jil1HettHO e paCCTOllHl1eM. 

B .u11cpcpy3HOH t.faCTl1 .[J,3C pacrrpe.ueneHl1ll 110HOB 11 ITOTeHu11ana 3KCTIO

HeHu11aJihHhl. .[l,Jill paCCTOllHl1tt X ::0:: e) OT rpaHl1Uhl pa3,UeJia cpa3 B MO,UeJil1 fIOl1-

qerrMeHa .uenaIOTCll Te )!(e rrpe.urroJIO)l(eHl1ll, t.fTO 11 B Mo.uen11 .[J,e6all-XIOKKenll, 

KpOMe Toro, '-ITO .[l,3C - ITJIOCKl1tt. I1o3TOMY ypaBHeH11e f1011- qerrMeHa 3a

Til1ChIBaeTCll B s11.ue ) 

d 2rp - F Z;F 
dx

2 
- -

505 
L ciOzie - RT <p , (2 .5.20) 
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H B np116nmKeHHH MaJihIX noTeHl.J,11aJIOB 

d2<p 2JF2 2 
--"='---<p=K <p. 
dx2 cot:RT 

(2.5.21) 

PacqeThI no 3TOH Mo.nen11 .naIOT 6onhume pacxm1<.neHm1 e 3Kcnep11MeHTOM, 

KOTOphie CBl!3aHhl e rpy6oCThlO np116nmKeHHH. Y'IeT KOHelJHhlX pa3MepOB HO

HOB, a.ncop6u1111 HOHOB Ha nosepXHOCTH e o6pa30BaHHeM TaK Ha3hIBaeMOIO 

n!lomHOZO CJlOfl I'enbMZOJlbl(ll H .nw<P<PY3HOro pacnpe.neneHl1ll 110HOB B o6beM

HOH cpa3e pacTBopa (iJu<fJ</Jy3Hbtìi C!loìi), no3BOJIHJI rronyqHTh JIYlJIUee cornac11e 

e 3KcnepwMeHTOM. Cnoil fenhMIOJihUa xapaKTepmyeTcll .!lBYMll pa3MepaM11: 

pa.n11ycoM a.ncop611poBaHHOIO COJihBan1posaHHOIO HOHa H paCCTOllHHeM HaH-

60JihIUero c6JimKeHHll HOHOB e nosepxHOCThlO rnep.noil <Pa3hl (TOJIUIHHa CTJIOT

HOIO CJIOll, J). TOJIUIHHa .n11<P<PY3HOIO CJIOll xapaKTep113yeTCll HeKOH 3<P<PeKTHB
HOH BeJIHlJHHOH À, aHaJIO!HlJHOH .ne6aeBCKOH ,!lJIHHe 3KpaHHpOBaHl1ll K - I B Teo

pH11 .[{e6al!-XIOKKeJill . 

Ecn11 OTClJHTh!BaTh KOOp,!lHHaTy X OT CJIOll feJihMIOJihUa ( x' = x-5 ), TO 

peIUeHHe ypasHeH11ll (2.5 .21) MO)KHO 3anwcaTh B BH,!le 

<fJx' =<p5 ·e-Kx, (2.5.22) 

r.ne rp 15 - noTeHuwan CJIOll feJihMIOJihUa. ToJIUIHHa .n11<P<PY3Horo cnoll 3as11cwT 

OT HOHHOH CHJihJ: 

À-
1
RTt:0t: A0 

- . 2JF2 = .fJ . 

.[{lill BO.!lHhIX pacrnopos (298 K) np11 HOHHOH rnne O, 1 M À "" I HM, a npw 

HOHHOH c11ne I MM À"" I O HM. 

B cnyqae 1, 1-sanettrnoro 3Jiei<TpOJIHTa ypasHeHwe (2 .5 .20) npHHHMaeT s11.n 

d
2

<p = _ 2Fc sh(F<p). 
d.x2 t:0 t: RT 

PeweH11e 31oro ypaBHeHHll npw Tex )!(e ycnoBHllX, lJTO w pattee, Jaru1chrnaeTcll 

cne.nyIOll.J.HM o6pa3oM: 

---arcsh - ' 2RT [ q5 l 
fPx' - F ~8RTa0 t: (2.5.23) 

r.ne q 15 - 3apll,!l .n11<P<PY3HOro CJIOll, KOTOphlH MO)KHO onpe.neJIHTh, HHTerp11pyll 

ypaBHeHHe flyaccotta e yqeTOM ycJIOBHll 3JieKTpOHeHTpaJihHOCTH: 

q5 = -~8RTct:oc sh(- zFrp5 J 
2RT ' 

(2.5 .24) 

r.ne (/JJ - noTeHu11an Ha rpaHHUe Me)K.ny nJIOTHhIM 11 .n11<P<PY3HhIM CJIOllMH. 
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IIocKOJibKY ITOTeHuttaJI 3JieKTpo.na (/Jo MO)!<HO rrpe.ncTaBHTh B BH.L{e .L{Byx 

CKa'IKOB ITOTeHuttaJia: Me)!{.ny 3JieKTPO.LlOM H rpaHHUeìi ITJIOTHor o H .ntt<P<PY3HO

ro CJIOeB H Me)!{.ny 3TOH rpaHHUett H y.na11eHHOtt TO'IKOH B o6beMHOtt <l:>a1e pac

TBOpa, TO .ntt<P<l:>epeHUHaJihHa» 3!leKmpu'leCKQJl eMKOCmb J(3C MO)!{eT 6bITh 

rrpe.ncraBJieHa B Bl1.L{e CYMMbl eMKOCTett .LlBYX ITJIOCK11X KOH.L{eHcaropoB, o6pa-

30BaHHh!X c11oeM feJihMroJihUa ( Cr) 11 .n11<l:><l:>Y3HhIM CJioeM ( CJ). 

z qo &o& q,s &o& -
B pacqere Ha I M Cr = =-,Cd=-=- 11 C;pc-

rfo-rp,s 5 rp8 A. 

CrCd = &0& 

Cr+Cd 5+A. 

TioTeHI~Han rrony3neMeHTa. YpasHeHHe HepHcTa 

IIp11 rrorp~eHHl1 Mera111111qecKoro 3JieKrpo.na B pacrnop, co.nep)!{amttìf 

HOHhI 3Toro Mera1111a, Ha rpaH11ue pa1.ne11a <I:>a1 11.nyr rrpouecch1 1ap»)!{eHH» 

.L{BOHHOro CJIO» .no rex rrop, ITOKa 3JieKrpOXl1MH'IeCKl1e IlOTeHu11aJibI KOMilOHeH

TOB Cl1CTeMbl He BblpOBH»!OTC». 

IIp11tt»TO rpaH11uy pa1.ne11a Me)!{.ny rnep.nb1M11 1111tt rnep.noii II )!{11.LlKOtt <Pa-

3aMH 0601HaIJaTh Bepr11KaJihHOtt qeproii ( I ), a rpaH11uy Me)!{.ny )!{11.LlKl1Ml1 <Pa-

1aM11 (tt1111 co11eBoii MOCT11K) - .LlBOttHoìf BepTIIKaJihHOtt qeprnii (Il). 
PaccMOTpHM rpaH11uy pa1.ne11a Mera1111 - pacTBop. AroMhI M B Mera1111e 

HaXO.L{»TC» B paBHOBeCIIl1 e 3JieKTpOHaMII II 110HaMH, a IIOHbl - B paBHOBec1111 e 

110HaM11 B pacrnope. qepe3 rpaHHUY pa1.ne11a <l:>a1 CBo6o.nHo rrpoHIIKaTh Moryr 

TOJibKO 110Hhl. PeaKU11» Ha rpaHHUe pa1.ne11a cpa3 MO)!{eT 6hITh 3arr11caHa B Bl1.L{e 

+ -
Mm ~ Mm + ecm. cocml 

+ M+ Mm~ S' 

'ITO COOTBeTcrnyeT rrepexo.ny e.L{IIHl1'IHOro IlOJIO)!{HTeJibHOro 3ap».na 113 MeTa1111a 

B paCTBOp . 

r.ne 

.[(11» Xl1MH'IeCKIIX ITOTeHU11aJIOB B 3TOM CJIY<Jae MO)!{eM 3aITIICaTb 

{
µ(M) = µ(M; )+µ(e-;;,), 
µ(M;)=µ(M:), 

µ ( M: ) = µo ( M: ) + kT In a M + + eqi5 , 

µ (e;;;)= µ 0 (e-) - eqim . 
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flOJ(CTaBI1B '.HH Bhipa)l(eHH.sI B CHCTeMy ypasttem1ìf, fiOJJY4HM 

p ( M) = µ0 ( M;) + kT In a M , + e<p5 +po (e-)- e<pm , 

OTKy.na 

e(rpm -rps) = 2>0 +kTinaM+ , 

r.ne 

2>0 =po(M:)+µo(e- )- µo(M). 
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Pa3HOCTh noTettuwanos Me)l(.ny MeTannoM 11 pacTsopoM H<DhJBaeTc.si noTeH

uwanoM 3neICTpo.na (noTettuwanoM nony3neMettrn): E = <fJm - 'Ps· Torn a HMeeM: 

o RT 
E =E +-lnaM+ , 

zF 
(2.5.25) 

r.ne z - saneHTHOCTh HOHa MeTanna, If1 - CTatt.napTHhltt noTettuwan nony::rne-

L µo 
MeHTa, Eo = --- . flpwmno wcnonhJOBaTh .necllTHqHhie norap11<l>MhI , no

ze 
3TOMY ITOTeHUHan nony3neMeHTa 06hJqHO 3aIJHChJBaeTCll B BH.D,e (npH 298 K) 

o 0,0592 
E=E +--lgaM+· 

z 

nocne.D,HHe .nsa ypaBHeHH.sI Ha3hIBalOTCll ypastteHHl!MH HepHCTa. 

3JieKTporrpoBO.LJ:HOCTh paCTBOpOB 3JieKTpOJIHTOB 

(2.5 .26) 

HarrpasneHHOe J(BH)l(eHHe HOHOB, T. e. 3neKTpHqeCKHÌi TOK B pacrnopax 

3neKTpOJ111TOB, B JaBHCHMOCTH OT rrpwrnH, ero Bhl3BaBlllHX, pa3.D,eJJ.sieTC.sI Ha 

cne.nyiomwe BHJlhI: 

• òur/Jr/Jy3UR - HarrpasneHHOe J(BH)l(eHHe HOHOB, o6ycnosneHHOe pa3HO

CThlO HX XHMHqecKHX noTeHUHaJJOB; 

• MUèpG!f,UR - HanpasneHHOe J(BH)l(ett11e 3a cqeT pa3HOCTeìi ITOTettu11anos 

BHeWHHX rroneìi; 

• KOH6eK!f,UR - rrepeHOC HOHOB BMeCTe e J(BH)l(Yl.l.leìic.si cpe.noìi (pacrnop11-

TeneM). 

B 1tenoòeuJ1CHOM pacmeopumeJLe np11 ttanwq11w sttewttero 3neKTp11qecKoro 

non.si rrepeHOC HOHOB orrpe.nen.sieTCll 3neKTpOXHMJ1qecKHM ITOTeHI.(HanoM, OTnH

qalOIUHMC.sI OT 06h1qttoro Ha sen11q11tty 3ttepr1111 3apl!.na s none: 

it; = µi + q;rp = µf + kT In n; + q;rp , (2.5 .27) 
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r.ue <p - noTeHU.HaJI noJUI B .naHHOH TO'IKe, qi =zie' Z; - Ba.JieHTHOCTb HOHa, e -

3ap».n npoTOHa, n,. - KOHU.ettrpau.m1 (rnT.!cM3). I13-3a HeC)!(HMaeMOCTH )!(H)J.KO

cTH MO)!(HO ClJHTaTb cso6o.nHhie :rneprHH f'H66ca H f'eJibMfOJlbL(a npHMepHO 

paBHbIMH. 

Cpe.nmrn cHna, .ueì1CTBYJ-OILI.a» Ha cHcTeMy npH H3MetteHHH o6o6mettttoì1 

KOOp.UHHaTbl xk Bbl'IHCJl51eTCH no o6mHM npas1rnaM (CM. 2.1 .23). B paclJeTe Ha 

O)J.HH HOH :ny c1rny MO)!(HO onpe.uenHTb COOTHOllleHtteM 

Fi = -gradjli = -gradµi -qi gradrp. 

B 3TOM Bb1pa)!(eHHH nepBhIH qnett s npasoì1 qacTH cooTBeTcTByeT .nttcp<fiy-

31111, BTopoì1 - Mttrpau.1111. B cnyqae I, l-3JieKTponttTa, CHJihJ, .ueì1cTBYJ-OIJ..\He Ha 

KaTttOH (+) H attttOH ( - ), paBHhl 

F+ = -kT d In n ± eE , 
- dx 

men - KOHU.eHTpaU.HH KaTttOHOB (tt attHOHOB), E - ttanp»)!(eHHOCTh 3JieKTpH

qecKoro nOJIH. EcJIH u± - CKOpOCTH )J.BH)!(eHHH IIOHOB, TO ypasHeHHe )J.BH)!(eHHH 

MO)!(HO 3anttcaTb B BH)J.e 

du± = F+ _ r±u± , m - -
dt 

me r± - conpoTHBJietttte cpe.nh1. Cne.uosaTeJihHO, s ycrnttosttsweMCH pe)!(ttMe 

kT dlnn eE 
U+=----±-. 

- r± dx r± 
(2 .5.28) 

ECJIH BHelllttee none OTCYTCTByeT, TO HeT H CYMMapttoro TOKa, BbinOJIHH

eTCH ycnostte 3JieKTpotteì1TpaJihHOCTH. IIonara» u± = u , nocne HeKOTOphIX 

npeo6pa3oBaHHH MO)!(HO nony'lttTh 

2kT dn 
nu=----. 

r_ +r+ dx 

B nesoì1 qacTtt 3Toro ypasHeHHH CTOHT nnoTHOCTh .u11<fi<fiY3HOHHoro noTo

Ka HOHOB j o, KOTOpaH no 1-My 3aKOHY c:l>HKa paBHa j D = -D dn . Cne.uosa
dx 

TeJihHO, .un» K03<fi<fittu.ttettTa .UH<fi<fiy3Htt D MO)!(HO nony'lttTh Bb1pa)!(ett11e 

D= 2kT (2.5.29) 
r+ +r_ 
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TipH He oqeHh BhICOKHX HaIIp51)!(eHHOCT51X IIOJrn H qacTOTax JJ,JI51 paCTBOpOB 

3JieKTPOJIHTOB BhinOJIH51eTC51 3aKOH 0Ma: 

j=;:cE, 

rJJ,e j - IIJIOTHOCTh TOKa, x - yJJ.eII&Ha51 3JieKTPorrpoBOJJ,HOCTh (0M-
1
·cM-

1
), E -

Harrp51)!(eHHOCTh IIOJI51. 3neKTporrpoBOJJ.HOCTh pacTBopa K, 3aKJIJOqeHHoro Me)!(

JJ.Y 3JieKTpOJJ,aMH rrnomaJJ.hlO S, pacrrono)!(eHHhIMH Ha paccTOHHHH /, paBHa 

s 
K = x-. B 3JieKTpOXHMHH qacTo yJJ.o6Hee HCIIOJih30BaTh 3KBHBaneHTHYIO 

l 
3JieKTporrpOBOJJ,HOCTh À, KOTOpa51 orrpeJJ,eJI51eTC51 KaK 3JieKTporrpOBOJJ,HOCTh CJI051 

pacTBopa TOJI!l\HHoii I CM Me)!(Jly 3JieKTpoJJ,aMH TaKoii rrnomaJJ,11 , qTo o6beM 

coJJ,ep)!(11T I r-3KB qucrnro 3JieKTponurn B pacTBope: 

À = zVe, (2.5.30) 

me Ve - 061,eM pacrnopa (cM
3
), coJJ,ep)!(am11ì1: 1 r-3KB qucrnro 3neKTPOJI11Ta: 

1000 
Ve = -- , rJJ,e C - HOpMaJihHOCTh paCTBOpa ( eCJil1 C - MOJI51pHOCTh, TO Be

e 

JIH411Ha V0 = c-
1 

Ha3hrnaeTc51 pa3BeJJ,eHtteM) . .IJ:n51 3KBl1BaneHTHOH 3JieKTpo

N 
rrpoBOJJ,HOCTH MO)!(HO rronyq11Th COOTHOilleHHe À. = X _A_ . e YMeHhilleH11eM 

n 

KOHUeHTPaU11H X YMeHhillaeTC51, a Ve B03pacTaeT, a À 06&1qHo B03pacTaeT JJ,O 

rrpeJJ,eJI&Horo 3HaqeHH51 À. o . 
.IJ:n51 pa36asJieHHhIX pacrnopoB (e < l 0-3 M) BhIIIOJIH5llOTC51 CJieJJ,yl011(11e 

3MII11p11qeCKHe 3aKOHhl. 

3aKOH Ko11bpayma ÒJ!Jl 3K6UBaJieHmHou :J!leKmponpoeoÒHocmu: À. = À. 0-AFc, 

A 
rJJ,e A - HeKoTopaH rrocT051HHa51. 06&1qHo O, 6 < - <O, 75 , HO 6hrna10T H 

À.o 
HCKJIJOqeHl151. B 6onee W11pOKOM 11HTepsaJie KOHUeHTPau11ì1:, a TaK)!(e B HeBOJJ,HhIX 

pacTBOpax 11CIIOJih3YIOT ypaBHeH11e B MOJJ,HcjrnKau1111 IlleJJ,JIOBCKoro: 

À. = À.o -AFc +Bc(1-aFc), 

ri:1e B 11 a - rrocTOHHH&Ie. 

3aKOH Ko11bpayma o He3aeucuMocmu Ò6UJ/CeHUR uoHoe: À. = À+ + À._ , 

À. o = À.2 + À.~, T. e. 3KBHBaJieHTHa51 3JieKTporrpOBO):(HOCTh 3JieKTp01IHTa MO)!(eT 

6&ITh rrpei:1cTaBneHa B B11JJ,e CYMMhI HH):(HBHJJ,yan&HbIX 3JieKTporrpoBO):(HOCTeì1:, 

o6ycJIOBJieHHh!X KaTHOHaMH H aHl10HaMH. 
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lh (2.5.28) B OTC)'TCTBHe rpa;].HeHTOB KOHueHTpauttìi cne.uyeT U+ = eE . 
- r± 

0603Ha1rnM CKOpOCTll .LIBH)f(eHH51 HOHOB u = U+, V= u_, Tor.ua MO)f(HO 3anttcaTb 

u = uoE, V= voE , r.ue TIOCT051HHb!e BeJIH'IHHhl Uo H Vo Ha3bIBalOTC51 a6COJIIOT

Hb!MH CKopocrnMH ,UBm{\eHH51 HO HO B. flod6U:JICHOCmbJO UOHa ( u H V ,LIJI51 Ka

THOHa H aHHOHa COOTBeTCTBeHHO) Ha3b!Ba!OT npmnse.ueHHe •mena ct>apa,Ue51 Ha 

a6coJIJOTHy10 cKopoCTb: U = u0F , V = v0 F. 3aKOH Konbpaywa MO)f(HO ccpop

MynttpoBaTh TaK: CYMMa TIO.UBH)f(HOCTeH HOHOB pasHa 3KBHBaJieHTHOH 3JieKTPO-

npOBO.UHOCTH nptt 6ecKOHe'IHOM pa3se.ueHtttt: À. 
0 = U +V, U = A.J, V= À.~. 

flpaeu!lo BMbdeHa (BallbdeHa- flucap:>1Ce6cKozo ): 

1 °17 = const 

r.ue ,., - B513KOCTb paCTBopa. 3To COOTHOWeHHe COOTBeTCTByeT a.U.UHTHBHOCTH 

CHJI B513KOCTH, BbinOJIHeHHIO 3aKoHa CToKca H He3aBHCHMOCTH 3<ÌJ<ÌJeKTHBHhJX 

pa3MepoB HOHOB OT CBOHCTB paCTBOpHTeJI51. 

YpasHem1e Appem1yca. 3aKOH pa3se.nemrn Ocrnanh,na 

)l;m1 1, l-3JieKTpOJIHTa, .UHCCOUHttpy10ruero no ypaBHeHHIO 

ABHA+ +B-, 

6aJiaHC 4l1CJia 4aCTHU n (1 - a) Han+ an , r.ue a - CTeneHb .UHCCOUHaUHH, 

T. e. n+ = n_ = an . ToK o6yCJIOBJieH .UBH)f(eHtteM HOHOB, nptt 3TOM u H V Ha

npaBJieHbl B npOTHBOTIOJIO)f(Hb!e CTOpOHbI: 

I= San+ eu +San_ (-e )(-v) = Sane(u + v) . 

. 0TCIO,Ua ,LIJI51 TIJIOTHOCTH TOKa TIOJIY4aeM: 

j = ane(u + v) = ane(u0 + v0 )E . 

. N 
Y 'lttTbJBa51, 'ITO X = l_ , À. = x _A_ H N A e = F , nony'lttM ypasHeHtte 

E n 
AppeHttyca: 

À. =alo. (2.5.31) 

TaKtte )f(e COOTHOllleHH51 MO)f(HQ 3anttcaTb H ,LIJI51 HH.UHBH.UyaJibHhIX HOHOB: 

o o À.+ = al+ , À._ = aÀ._ . (2.5.32) 
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KoHCTaHTY .[\l1CCOUHau1111 ::meKTpomna MO)f(HO CB513aTh CO CTeneHh!O .[\l1C

cou11au1-rn: 

K = [A-J [ B+ J - a2 e 

[AB] - I-a 

l1cnOJlh3Y51 ypaBHeHHe AppeH11yca, MO)f(HO TIOJl)"ll1Th COOTHOllleHHe, Ha-

3hIBaeMoe 3aKOHOM pa3Be.[(eHH51 OcTBaJJh.[(a: 

2 
K -~ 

- ,,t, 0 (,1, 0 -À) ' 
(2.5.33) 

KOTopoe Bh!TIOJlH5leTC51 TOJlhKO .[\Jl51 C11JlhHO pa36aBJJeHHh!X paCTBOpOB . 

)J)1cpcpy:nrn II 3JieKTporrpOBO,[{HOCTb 

113 (2.5.29), Bhipa)f(a51 K03cpqmu11ettTh1 conpoTHBJJeHH51 cpeL\hI qepe3 a6co

JJIOTHhie CKOpOCTH 110HOB, npH 6ecKOHeqHQM pa3Be.[\eHHH MO)f(HO TI0Jl)"ll1Th 

D = 2kT u0v0 . 

e u0 +v0 

.[(JJ51 611ttapttoro 3JJeKTpoJJ11Ta e 3ap5!.[(aM11 HOHOB z+ 11 z~, Bh1pa)f(a5l a6co

JJIOTHhie CKOpOCTH 110HOB qepe3 3KBHBaJJeHTHhie 3JleKTponpOBO.[\HOCTH, noJJy

q11M ypasttett11e HepttcTa-3ì1HlllTeiltta: 

kT À.2À.~ Z_ - Z+ D- --·· 
- eF À.2 + À.~ Z_Z+ 

KOTOpoe MO)f(HO nepen11caTh .[\Jl51 np0113BOJlhHOro HOHa i B BH.[\e 

D-- RT 
1 -jzijF2 ~ · (2.5.34) 

l!JicJia rrepeHoca 

lh-3a pa3JJ11q1151 B CKOpocrnx .[\BH)f(eHml 110HOB pa3JJ11qa10TC5l 11 TOKl1, o6y

CJlOBJJeHHhie .[\B!1)[(ett11eM 3Tl1X HOHOB. ql1CJJOM nepettoca Ha3b!Ba!OT .[\OJJIO TOKa, 

nepeHOCHMOro 110HaMl1 .[\aHHOro BH.[\a. I1JJOTHOCTh TOKa MO)[(HO 3an11caTb B Bl1.[\e 

j = ane( u + v) = j+ + j_, TOr.[(a q11cJJa nepettoca .[(JJ51 KaTHOHa 11 att11otta paBHhI 

l+ = j+ = _u_ 
j u+v' 

t_ = j _ =-v
j u+v 

(2.5 .35) 
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0TCIO..[\a crre.nyeT COOTHOUleHI1e ..[\JI51 3KBl1BaneHTHb!X 3Jiel<TpOilpOBO..[\HOCTeìi: 

Àj: = t±À.. 

B o6meM crryqae 3ap51.l\ 110Ha qi = ezi (i = I, .. . , e), rrrroTHOCTb TOKa 

j = L nieziui , r.ne u; - CKopocTb .ns11JKeH115! 110Ha. Tor.na .nrr51 tI11cerr rrepeHoca 

rrorrytittM crre.ny10mee Bb1palKeHtte: 

n·Z ·U· 
t·=_l_ll 

I °"\"' ' 
L.,, niziui 

11, COOTBeTCTBeHHO, ..[\JI51 ITJIOTHOCTeìi TOKOB 110HOB: 

li =tij. 

(2.5 .36) 

(2 .5.37) 

Qqes11.nHo, lJTO cyMMa scex tJttcerr rrepeHoca pasHa e.n11Httl.(e: L ti = I . C 

pOCTOM TeMrrepaTypb! CKOpOCTH HOHOB Bb1paBHHBa10TC5!, Il03TOMY H lJHCJia rre

pettoca c6rr11JKa10TC5! . 

.lJ:Htjltjly3HOHHbIH IIOTeHI.J;HaJI 

113 (2.5.29) crre.nyeT, lJTO H B OTCYTCTBHe BHeUlHero ITOJI51 B03MOlKHO .l\BH

JKeHtte 110HOB, lJTO COOTBeTCTsyeT HaJIHlJHIO HeKOTOpoìi pa3HOCTH IlOTeHUHa

JIOB. B 3TOM crryqae .l\1151 rr110THOCT11 TOKa MOlKHO 3arr11caTb ypasHeH11e 

j = -F2=,ziDi gradci = xE. (2.5.38) 

.IJ,rr51 rroTeHuttana 311eKTp11qecKoro norr51 ((fJd), Ha3bIBaeMoro B 3TOM cnytiae 

.n11cpcpy3110HHblM, Tor.na HMeeM: 

F 
grad <fJd = - I ziDi grad ci . 

xi 
(2.5.39) 

PaccMOTpl1M CHCTeMy, npe.ncrnsrr5!10ll.{Y10 co6oìi .nsa pacrnopa 3neKTpon11-

TOB, 11Mel0ll.{11X o6myIO rpaHHL(y. 3rn CHCTeMa HepaBHOBeCHa (3a ClJeT .nttcpcpy311H 

e TelJeHHeM speMeHH OHa np11.neT B paBHOBeCHOe COCT051HHe, B KOTOpOM XHMH

lJeCKHe noTeHl..(11aJ1bl scex KOMITOHeHTOB BO Bcex TOlJKax Cl1CTeMbl 0..[\HH 11 Te )!(e), 

O..[\HaKo ee MOlKHO npe.ncTaBHTb B BH..[\e Tpex Cl1CTeM: .use CHCTeMbl (I H 2) B 

npaKTttlJeCKH paBHOBeCHOM COCT051HHl1 (e xopOUlHM rrepeMeU111BaH11eM) pa3.ne

rreHbl He60J1billOH HepaBHOBeCHOH CHCTeMOH - .nttcpcpy3HOHHb!M CJJOeM, B KOTO

poM, co6crneHHO, H npo11cxo.n11T rrpouecc ;wcpcpy31111. Bee se1111tJ11HhI, ornoc5!

m11ec51 K Ksa311paBHosecHhlM c11cTeMaM, 6y.neM o6o3HatJaTb 11tt.neKcaMtt I 11 2. 



2.5. 3neKTpOXHMH4eCKl1e flBneHHSl 177 

TiycTh 3a speMl! r 113 c11cTeMhI I B c11cTeMy 2 3a Cl.feT nmpcpy31111 110HhI ne

pettecn11 (nonm1<1-1TenhHhIH) 3apHn, paBHhIH F. Torna nonHhJH TOK I 6yneT paBeH 

I = F / r , 110HHb1e TOKl1 MO)!(HO 3an11caTh B B11ne Ii =ti I= ti F jr, a Kon11l.feCTBa 

MOJJeH 110HOB (N;), nepewenw11x 113 Cl1CTeMhl I B Cl1CTeMy 2, 6ynyT paBHbl 

Ni = I;r - ti 
z.F--, 

I Zi 
(2.5.40) 

rne Z; - BaneHTHOCTb 110Ha i-ro copTa. Pa3HOCTl1 Xl1Ml1l.feCKl1X noTeHI..(11aJJOB 

110HOB Me)!(ny Cl1CTeMaMl1 I 11 2: ti.µi = µi2 - µil . Yl3MeHem1e cso6onHOH 

:rnepr1111 f1166ca np11 nocTOl!HHhIX nasneH1111 11 TeMnepaType np11 TaKOM nepe

Hoce 110HOB 3an11chrnaeTCll Bb1pa)!(eH11eM 

tiG = L,N;l'iµ; = L !i..tiµ; . 
i Z; 

(2.5.41) 

3TO 113MeHeH11e CB06onHOH :rnepnrn paBHO MaKCl1MaJJbHOH none3HOH pa-

6oTe e npOTl1BOnOJJO)!(HbIM 3HaKOM, KOTOpall , B CBO!O O'lepenh, paBHa pa6oTe no 

nepeHocy 3apHna Q =I r = F '1epe3 pa3HOCTh nOTemwanoB Me)!(ny nonc11cTe-

"t MaMtt (t'i((Jd): -Ftirpd = tiL,, _!_tiµ;. B npenenhHOM cnyl.fae nm1 rpaHl111hI Me)!(-

. i Z; 

ny 6eCKOHel.fHO 6JJl13Kl1Ml1 no COCTaBy Cl1CTeMaMl1 MO)!(HO 3an11caTb '. 

I '°' l· RT '°' t -drpd = - L,, _!_dµ; = -L,, _!_d In a; , 
F i Z; F i Z; 

(2 .5.43) 

rne a; - aKTJ1BHOCTl1 HOHOB. 

B nptt6JJl1)!(eH1111 nOCTOllHHblX rpan11eHTa KOHI.(eHTpa111111 11 cpenttero 110H

HOro K03cpcp1111tteHTa aKTHBHOCTl1 B onHoMepHOM nttcpcpy3HOHHOM cnoe 

d ln ai = d ln C; , C; ( x) = C;x = xci2 + ( 1- x) cii , r.ne x - 6e3pa3MepHal! Koop

n11ttarn B)J.OJlb n11cpcpy3ttOHHOro CJJOll (x = o B Cl1CTeMe I 11 X= I B CHCTeMe 2). 
OnycKal! ttHneKC i nmi ynpomeHHll 3anttc11, nonriaeM: 

d In a = c2 - e, dx 
X . (2.5.44) 

cx 

~n» l.fttcen nepettoca 110HOB ttMeeM: 

t= CxUZ . 

x L,c2uz +(1-x) L, c1uz 
(2.5.45) 

Tio.ncTaBJJllll (2.5.44) l1 (2.5.45) B Bbipa)!(eHtte nJJll l.fJJeHa CYMMbl B (2.5.43), 
nonyl.fttM: 
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t ( c2 - c1 ) udx 
- d In a x = =-~-----,=-'--
z z:C1uz+xL(c2 -c1 )uz 

I1o)lCTaBHB :no Bb1pa)!(eH11e B (2.5 .43) H rrpoHHTerpttposas rro x OT O )lO I, 
IIOJI)"IHM Bh!pa)!(eHHe )lJI51 du</J</Jy3UOHHOU pa3HOCmu nomeHZfUaJ/06 B JlHHeH

HOM rrp116JJH)!(eHHH: 

RT L(c2-c1)u 1nLc1uz .(2 .5.46) 
t::i.<pd = F L(c2-c1)uz Lc2uz 

PaccMOTPHM )lBa Ba)!(HhIX LJacTHhIX cJiyLJa51. 

I . Ecn11 pacTsophI I 11 2 co,Uep)!(aT O)lHH H TOT )!(e I, I - ::weKTpOJIHT e aKTHB

HOCT51MH a1 H az COOTBeTCTBeHHO, TO )lJl51 )lH<Pcpy3HOHHOro IIOTeHI.(HaJla H3 

(2.5 .46) rronyLJaeTC51 ypaeHeHue I'e11òepco11a-llJ1a11Ka : 

o 
t::i.<pd = RT u -v In~= RT A In~ 

F u + v a2 F A-2 - A,~ a2 ' 
(2 .5.47) 

r)le u - IIO)lBH)!(HOCTh KaTHOHa, V - IIO)lBH)!(HOCTb aHHOHa. 

2. Ecn11 pacrnophI I 11 2 co,Uep)!(aT 1, l-3JieKTpOJIHThI e O)lHHM 06m11M HOHOM, 

Harrp11Mep KCI H HCI, B paBHhIX KOHUeHTpau115lx, TO 113 (2 .5.46) rroJiyLJaeM 

ypasHem1e 

o 
RT u1 +v _ RTI AHct 

t::i.<pd =-In--- - n 
0 

, 
F u2 +v F AKCI 

r)le U1, Uz H V - IIO)lBH)!(HOCTH H+, K + H cr COOTBeTCTBeHHO. 

2.6. IlosepxHOCTHhie 5IBJiemu1. 

~McrrepCHhie CMCTeMhI 

(2 .5.48) 

TiosepxHOCTHhie 51BJJeHH51 o6ycJiosneHhI rrpoueccaMH Ha rpaH11uax pa3)le

JIOB <Pa3 s reTeporeHHhIX c11cTeMax. MoneKyJJhI Ha rpaH11ue cpa3hI o6Jia)laIOT 

H36hITKOM 3HeprHH IIO cpasHeHHIO e MOJleKynaMH B o6beMHOH LJaCTH <Pa3hl, 

o6ycJIOBJieHHhIM acttMMeTpttett B3aHMO)leHCTBHH e oKpy)!(eHtteM. B pasHosec

HOM COCT051HHH IIOJIHa51 3HeprH51 CHCTeMbl MHHHMaJlbHa, 4TO COOTBeTCTByeT 

MHHHMaJlbHOH IIJlOII.(a)lH IIOBepXHOCTH CHCTeMhl. 3tteprH51, Heo6XO)lHMa51 )lJI51 o6-

pa30BaHH51 e)lHHHl.(h~ l!JlOII.(a)lH rrosepXHOCTH CHCTeMbl, Ha3bJBaeTC51 ydeJ!bHOÌÌ 

noeepXHOCmHOÌÌ 3Hepzueii (o). 11.36bITOLJHYIO rrosepXHOCTHYIO 3HeprnIO (Es) 
MO)!(HO orrpe,UeJIHTh cooTHOlllett11eM Es = a A , r)le A - rrnoma)lh rrosepxtto

CTH CHCTeMbl. 
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Ta6m14a 2.3 

ColleTaHlllS'I a rperaTHblX COCTOS'IHl!ICi ,Qli1Cn epc1110HHOC1 cj:Ja3bl lii ,QlllCnepcHblX ll8CTl!ll..\ 

)1,ucnepcuaH I ,l]:ucnepcuouuaH cpeAa 

!l>aJa I TBCpAaH ìKHAKaH raJoo6paJuaH 

TsepAal! 
1 

fopHbie nopo,uhI, 301111, remi, cyc- .[{hIMbl, flbIJIH, nopOIIIKH, 
cnnaBhI, TBep,ub1e Jontt neHJtttt, nacThI ny,upbI, rpyttT 

)Kn,uKal! I K.JieTKH, KOCTb 3MynhCl11i TyMaHhI, a3po3ontt 

fa3006pa3Hal! I OeMJa, nopttCThre OeHhI, raJOBbie 
rnep,ub1e Tena 3MYflbCHH 

B o6bI4HhIX TepMo.1nrnaMw1ecKHX c11cTeMax 1136bITOYHa» r10sepxHOCTHa» 

:rneprnl! COCTaBJil!eT npeHe6pe)l(HMO Manyro 'laCTb nOJIHOH 3Hepr1111 CHCTeMbI. 

0.LJ:HaKO cymeCTBYIOT reTeporeHHbie Cl1CTeMbl, B KOTOpb!X O.LJ:Ha H3 cpa3 npe.LJ:

CTaBJieHa B Bl1.LJ:e MaJiblX qacTHU, H 1136bIT04Hal! nosepXHOCTHal! 3Hepr11l! cpas

HHMa e TIOJIHOH 3Heprttì1: CHCTeMbI. TaKHe cpa3bl (tt qaCTl11.(bl) Ha3bIBaIOT .LJ:l1C

nepCHblMH, a caMy reTeporeHHyro c11cTeMy - òucnepcHoù cucmeMoù. Cpe.LJ:y, 

CO.LJ:ep)l(all(yIO .LJ:HcnepCHbie '!aCTl11.(bl, Ha3bIBaIOT ÒucnepCUOHHOÙ cpeÒOÙ. J!by

'!eHHeM .LJ:l1CnepCHblX Cl1CTeM 3aHl1MaeTCl! KOJIJIOl1.LJ:Hal! Xl1MHl!. 

lJ:ttcnepCHbi e cpa3bl MOfyT COCTOl!Tb KaK H3 YaCT11U, MaJiblX BO BCex H3Me

peHmlX, TaK 11 H3 06beKTOB, MaJiblX JIHlllb B O.LJ:HOM HJIH .LJ:Byx 113MepeHHl!X. 

lJ:ttcnepcHbie cttcTeMbI KnaccmjrnuttpyroT no pa3HbIM nptt3HaKaM. 

Ilp11 KJiacC11cp11Kal.(Hl1 no pa3MepaM BbI,lleAAIOT rpy60.LJ:HCnepCHbie (1-10 MKM), 

BbICOKO.LJ:HCnepCHbie (IO HM - 1 MKM) 11 YJibTpa.LJ:11cnepCHbie (1 - 10 HM), HJIH 

Konno11.LJ:Hh1e, c11cTeMh1. lJ:11cnepcHal! cpa3a e O.llttHaKOBhIMl1 no pa3MepaM qac

THUaMH tta3bJBaeTCl! MOHOÒucnepCHOÌÌ, B npOTHBHOM cnyqae - no!luÒucnepc

llOÌÌ pa30Ù. 

lJ:ttcnepCHbie YaCTHL(bl H .LJ:l1CnepCHOHHal! cpe.na MOryT 6hITb B nro60M H3 

Tpex arperaTHbIX COCTOl!HHH, KpOMe KOM6HHal.(HH «ra3 B ra3e». B Ta6nttue 2.3 
np11Be.LJ:eHbl B03MO)l(Hble CO'leTaHHl! arperaTHbIX COCTOl!HHH .LJ:HCnepCHOHHOH 

cpa3bl H .LJ:HCnepCHbIX qaCT11U H npHMepbl CHCTeM. 

Crpoemre rpamu.i:h1 pa3,z:i;ena cpa3 

IlepexO.LJ:Hal! o6naCTb OT O.LJ:HOH ofaeMHOH cpa3bl K .LJ:pyroì1: Ha Me)l(cpa3HOH 

rpaHHL(e Ha3bJBaeTCl! nosepXHOCTHbIM cnoeM (HJIH cptt3H'!eCKOH no6epXHOCmblO 

pa3pbl6a). B nosepXHOCTHOM cnoe COCTaB H napaMeTpbl COCT0l!Hl1l! Henpe

pb!BHO H3MeHl!IOTCl! OT 3Ha'!eHHH, xapaKTepHbIX .LJ:Jil! O.LJ:HOH 4HCTOH cpa3bl, .LJ:O 

3Ha'!eHHH, xapaKTepttbIX .LJ:JI» .LJ:pyroì1: cpa3bl. IlonHoe on11caHtte csoì1:crn no

sepxttocTttoro CJIOl! 3aTp y.LJ:HHTeJibHO, n03TOMY e 3TOH uenbIO HCnOJib3YIOT pa3-

flH4Hble MO.LJ:eJibHhie npe.LJ:cTasneHHl!. Ha116onee npocTbie cnyYatt cooTBeTcT

syroT O.LJ:HO- H .LJ:BYXKOMnOHeHTblM .nsyxcpa3Hb1M Cl1CTeMaM. 
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,n:1rn 01111caHJUI TepMO)ll1HaMl14eCKl1X xapaKTep11CTl1K nosepxHOCTHOro 

CJIOH 11CTI0Jlh3YJOT B OCHOBHOM )lBa TIO)lXO)la. fiepBhIH npe)lJIO)l(eH r1166COM 11 

Ha.3hJBaeTC51 MeTO)lOM 1136hIT04HhIX BeJil1411H r1166ca. Bo BTOpOM 110.uxo.ue -

MeTO)le CJI051 KOHe4HOH TOJII1.(11Hhl - nosepXHOCTHOMY CJIOIO np11n11Cb1BaJOTC5! 

tteKaR KOHe4Ha51 TOJIIl(HHa 11 H36hIT04Ha51 cso6ontta51 :mepr1151 Gs, o.uttaKo TOJI

m11tta CJI051 HMeeT ycJIOBHhIH xapaKTep H MO)l(eT 6h1Th pa3HOH )l1151 pa3Hh!X na

paMeTpOB Cl1CTeMhl. B )laJihHeHWeM Mhl 6y)leM HCTIOJlh30BaTh MeTO)l r1166ca. 

B MeTO)le r1166ca nosepxHOCTh pa3pbIBa - HeO)lHOpO)lHaH 0611aCTh B6JIH-

3H rpatt11UhI pa3.uena cpa3, 11Me10maR KOHe4HYJO TOJIIl(HHY. Btte nosepxttocTH 

pa.3pbIBa 06beMHhie cpa3hl O)lHOpO)lHhl. r1166c npe)lJI0)1(11JI cpOpMaJibHO 3aMeHl1Th 

nosepxHOCTh pa3phrna MaTeMaT114eCKl1M o6beKTOM - pa3deJlflJOU{eit noeepx-

1-1ocmb10, pacnoJio)l(ettttoì1 BHYTPl1 nosepxHOCTHoro cnoR Ha cp11Kc11po0atttth1x 

paccTORHl151X OT ero rpatt11u. TaK11M o6pa3oM, peanhttaR c11cTeMa 3aMettReTC51 

11.uea1111311posaHHOH Cl1CTeMOH cpastteHH51, B KOTOpOH cpa3hl O)lHOpOJlHhl )lO 

pa3)leJI5110ll(eH nosepXHOCTH, a Ha Heì1 npoHCXO)lHT CKa40K 3Ha4eHHH TepMO)lH

HaMl14eCKHX se1111411H . Pa3 HOCTh 3Ha4ett11ì1 TepMO.UHHaMH4eCKOì1 sentt411Hhl Me

)l(JlY peanhHOH CHCTeMOH 11 Cl1CTeMOH cpastteHH51 Ha.3hJBaeTC51 H36hITKOM 3TOH 

seJil1411Hhl. lfa6b!TOK, OT HeceHHhlH K e)lHHHUe n11oma.u11 pa3)leJI5110ll(eH IIOBepx

HOCTl1, Ha3b1BaeTC5!
01

yiJeJlbl-IOU U36blmOl./HOU 8eJlUl./UHOU. 

iloBepxHOCTHoe Han.D1<em1e. TioBepxHOCTHoe J(aBnem1e 

IIycTh nnomanh nosepxHOCTl1 yse11114etta tta dA 3a C4eT 06paT11Moro 1130-

TepM114eCKoro nepeMemeH115! 6oKOBhIX CTeHOK cocy.ua, co.uep)l(amero o6e cpa3h1 

np11 nocTORHHOM .ua011ett1111 P. Torna nonHaR pa6oTa, cosepweHHaR c11cTeMoì1, 

pastta PdV -adA , r.ue dV - coorneTcrny10mee ysen114ett11e o6beMa CHCTe

MhI. YMeHhWHM Tenepb 06beM Cl1CTeMhl )lO HCXO)lHOro 3a C4eT nepbMell(eHH51 

sepxtteì1 11 HH)l(tteì1 ee rpattHUhJ 6e3 H3MeHeHHR nnoma.u11 nosepxttocTH pa3.ue

na cpa3. Pa6oTa CHCTeMbl np11 TaKOM H3MeHeHHH COCT051HH51 pastta -PdV. 
E.UHHCTBeHHhIM H3MeHeHl1eM B CHCTeMe Tenepb OCTaeTC51 yseJIH4eHHe n11oma.u11 

Ha dA, KOTopoMy cooTBeTCTByeT pa6oTa CHCTeMhJ np11 nocTOHHHhIX P, V 11 T, 
paBHM -rJdA. Ifa nepsoro 3aKOHa TepMOJlHHaMHKH (2.1 .30) cne.uyer dE = Q-Wr. 

C411Ta5! Q = O, HMeeM a 3TOM cnyqae dE = adA . Ec1111 )l(e paccMaTp11saTh 

cnyqaì1, npH KOTOpOM 11 o6beM CHCTeMhl H3MeH51eTC51, TO 

dE = -PdV + cnlA . (2.6.1) 

IIocKOJihKY npH npeo6pa3oBaHHRX Jle)l(att.upa, np11BOJl5!Il(l1X K .upyrHM 

TepMO)ll1HaMH4eCKHM cpyHKUHRM, 4JieH rJdA He 3aTpar11saeTC5!, OH .uo6aBl1TC51 

6e3 li3MeHeHHH BO sce .u11cpcpepeHu11aJihHhJe COOTHOWeHHH, nony4eHHhie pa

Hee. B qacTHOCTH, 

dE = TdS-PdV +adA+ Lµidni, 

dH = TdS + VdP+adA + Lµidni , 

(2.6.2a) 

(2.6.26) 
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dF = -SdT - PdV + <:TdA + L f.i;dn; , 

dG = -SdT + VdP+<:TdA + Lf.i;dn;. 
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(2.6.2B) 

(2.6 .2r) 

I1HTerpHpysi 3TH ypaBHeHHH npH nOCTOHHHbIX JHa'!eHHHX HHTeHCHBHbIX 

napaMeTpOB, OOJJY'!HM, '!TO KO BCeM Bb!pa)KeHHHM TepMO.UHH3MH'!eCKHX cpyHK

UHH .uo6asm1eTcsi '!JJeH aA : 

E=TS-PV+<:TA+Lf.t;n;, 

F=-PV+<:TA+Lf.t;n;, 

H=TS+<:TA+Lf.i;n;, 

G = <:TA + Lf.t;n; . 

(2.6.3a) 

(2.6.3a) 

(2.6.3a) 

(2.6.3r) 

)l.mpcpepeHUHpysi (2.6 .3r) H cpastt11sasi e (2.6.2r), nonyq11M ypasHeH11e 

f'H66ca-)J,IOreMa B BH.ue: 

SdT-VdP + Ad<:T+ L;n;df.i; =O. (2 .6.4) 

IlosepxHOCtHoe H3TSl)KeHHe a Cl1JlbHO 33Bl1Cl1T OT XHMH'!eCKOro COCTaBa 

cpa3bl. Otto MHHHMaJJbHO .unsi C)KH)KeHHbIX HHepTHbIX raJOB, a .unsi )KH.UKHX opra

HH'!eCKHX semecrn H BO.Uhi HMeeT JHa'!eHHe OT 20 .uo I 00 MH·M- 1
• Ha116onhwHe 

3H3'!eHHH a HMelOT semeCTBa e Bb!COKOH TeMnepaTYPOH nnaBJieHHH, npH'!eM BO 

)MHOr11x CJIY'!MX B6JJl13H TO'!KH nJJaBJieHl1H a nponopuHOH3JlbHO CKpbITOH Tenno

Te nnaBJJeHl1H. )J,nsi aJJMaJa BeJJH'!HHa a npeBbIWaeT IO H·M-1. e pOCTOM TeMne

paT)JJbl a YMeHbwaeTCH MSI BCex BemeCTB, npH TeMnepaTYPe, 6JJH3KOH K KpHTH

'!eCKOH (qacrn - np11 T;::; Te - 6 ), o6pamaeTcsi B HYJJb, npH KpHTH'!eCKOH TeM-

nepaTYPe Te Me)KcpaJHasi rpaH11ua 11cqe3aeT 11 npH T ~ I'c cymecrnyeT TOJJbKO 

raJOBM cpaJa. IIpH6JJH)KeHHO JaBHCHMOCTb nosepxHOCTHoro Harn)KeHHH )KH.UKO

CTH OT TeMneparypbI on11chrnaeTcsi 3Mn11p11qecK11M ypaeHeHue.M BaH-òep

BaaJlbca 

(T = <:To ( ]- ~ r,) 
r.ue ao - noBepxHOCTHOe H3TSl)KeHHe npH TeMnepaType nnaBJJeHHH, n no.u6H

paeTCH no 3Kcnep11MeHT3JlbHb!M .U3HHbIM (n = 1,23 .UJIH opraHH'!eCKHX Be

mecTB, n = I .umi )K11,UK11x MeTannoB). J 

IInowa.Uh a, JaHHMaeMyIO O.UHOH MOJJeKynofi Ha noBepxHOCTH )KH.UKOCTH, 

MO)KHO oueHHTb no MOJJbHOMY o6oeMy semecrna: a = K (V/ N A )
213

. Tor.ua .unsi 

cpe.uHeH MOJlbHOH cso6o.uHOH 3HeprHH nosepxHOCTHOro CJJOH MO)KHO JanHC3Tb 
) 
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Bh1pa)J(em1e ~ = O'aN A = K N~3 
O'V

213 . JI. 3rnern 3Kcnep11MeHTaJihHO noKa:mn, 

-2;3 -2;3 
4TO aV Jll1HeHHO yMeHhrnaeTCH e TeMnepaTypoìi: O'V =K(Tc-6-T), 

r.ne Te - Kp11T11qecKaH TeMneparypa, K::::: 2 .nm MHor11x ttenonHpHhIX )J(l1J(KO

CTeìi, K < 2 11 pacTeT e TeMnepaTypoìi J(JJH nonHpHhIX )J(HJ(KOCTeìi. Tio3ToMy, 

HCnOJJb3YH ypaBHeHHe f1166ca-feJJbMrDJJbUa, J(JJH nOJJHOH cpe.nHeH MOJJbHOH 

3Hepr1111 nosepxHoCTH )J(l1J(KOCTH nonyqaeM 3aKofl 3maeiua: 

- 1/3 ) Es =KNA K(Tc -6, 

H3 KOToporo cne.nyeT, 4TO Es He 3aB11CHT OT TeMnepaTyphI. TaK KaK a e TeMne

parypoH. yMeHhrnaeTCH, TO 3HTaJJhnHH o6pa30BaHHH nosepXHOCTH J(OJJ)J(Ha 803-

pacTaTb e TeMneparypoìi, 4TO li tta6mo.naeTcH B 3Kcnep11MeHTe. 

)lilli rpaHHUbl pa3J(eJJa Me)J(J(y KOHJ{eHCllpOBaHHblMH cpa3aMH BMeCTO no

sepXHOCTHOro HaTH)J(eHHH l!CnOJJb3YIOT aHanorH4HOe no CMblCJJY noHHTl!e -

Me.)IC</Ja3Hoe HamR:J/CeHue. )lnH Me)J(cpa3Horo Harn)J(eHHH Ha nosepxHOCT11 pa3-

.nena Me)J(J(y J(BYMH orpaHH4eHHO CMelllHBaIOIUl!MHCH )J(HJ{KOCT51MH npH HH3KHX 

.nasJJeHHHX HaCb!IUeHHblX napoB H OTCYTCTBl111 XHMH4eCKHX peaKUHH qacTo 

BhinOJJHHeTcH npaewzo AHmoHoaa: 

O'filz = O'flg - (Jl2g ' 

r.ne HH.lWKCbl !1 , !2 11 g o603Ha4aIOT nse )J(HJ{Kl!e H ra30BYIO cpa3bl, npH 3TOM 

)J(HJ(KOCTb 1 6onee nOJJHpHa, 4eM )J(HJ(KOCTb 2. 
TiosepXHOCTHOe HanI)J(eHHe )J(HJ(KOH cpa3bl 3aBHCHT OT np11cyTCTBl1H pac

TBOpeHHb!X B HeH semeCTB. PaBHOBeCHOe COCTOllHHe COOTBeTCTByeT MHHHMY

MY CB060J(HOH 3Hepr1111 CHCTeMbl, TI03TOMy semecTBa, yMeHhlllaIOIUHe no

BepXHOCTHOe Harn)J(eHHe, KOHUeHTp11py10TCH Ha rpatt11ue pa3.nena cpa3. TaK11e 

semeCTsa Ha3hIBaIOTCll noeepxHocmHo-aKmueHblMU eetqecmeaMu (TIAB). Be

mecTBa, yseJJl14HBaIOIUHe nosepxHOCTHOe HaTH)J(eHHe, Ha3hIBaIOTCll nosepXHO

CTHO-HHaKTHBHbIMH. Tip11 OTIHCaHHH npouecCOB nepepacnpe.neneHl!H semecTB 

B6JJH311 nosepxHOCTH pa3J(eJJa cpa3 HapH.ny e nosepXHOCTHb!M HaT51)J(eHl1eM a 
HCTIOJJh3yeTCH nosepxHOCTHOe .nasJJeHHe Tr, paBHOe 113MeHeHHIO nosepXHOCT

HOro HaT51)J(eHl151 4HCTOH )J(11J(KOCTH (ao), Bbl3BaHHOMY .no6asneHHeM KOMTIO

HeHTa Cl1CTeMhI: 1[ = a - ao. 
Eonee no.npo6Ho npoueccbl nepepacnpe.neneHH51 semecrn Me)J(J(y o6beMHOH 

cpa30H 11 nosepxHOCTbIO paCCMOTpeHbl B pa3J(eJJe, TIOCB5I1UeHHOM a.ncop6u1111. 

KamrnIDipHhre 5!Bnemrn: 

K KanHJIJJHpHb!M HBJJeHmIM OTHOCHTCll CMa4HBaH11e nosepxHOCTeH, H3Me

HeHHe ypOBHH )J(l1J(KOCTH B TOHKHX Tpy6Kax no cpaBHeHHIO e ypOBHeM B IllH

pOKHX cocynax, CJJHHHHe KaneJJb H ny3hlpbKOB 11 T. n . 
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Kanmurnpttoe JJ,aBnem1e 

KamrnID!pHhIM .uasnem1eM HaJhIBaIOT HJMeHeHHe .uasneHHll napa Han rro

sepxHOCTh!O Ja C'leT ee HCKpHBJI8HHll . ,[i,Jill ero orrpe.ueneHHll paccMOTPHM Karr

JIIO )!(H)lKOCTH, co.uep)!(ameH: paCTsopeHHhie semeCTsa. 

IIpH H3MeHeHHH co.uep)!(aHHll KOMCTOH8HTOB B Karrne H3M8Hll8TCll H ee 

o6'heM: dV = L v;dn; , r.ue vi - rrapuHaJihHhIH MOJihHhIH o6beM i-ro KOMrro-

HeHTa. 06'heM ccpepH11ecKoH: KarrJIH pa.uHyca r paseH V = ~ ;r r 3 , a rrnoma!lh 
3 

2 2 °"' 2v rrosepxHOCTH A= 4;rr . 0Tcio.ua dA =-dV = ~-1 dn; . Boo6me, 
r i r 

dA =-dV = - °"' v-dn-dA (dA) 
dV dV ~I I, 

I 

r.ue BeJIH'IHHa B CK06Kax - KpHBH3Ha rrosepXHOCTH {KpHBHJHa ccpepbl paBHa 2/r). 
IIpH rrocTOllHHhIX P H THJ (2.6.2.u) HMeeM: 

dG = CJdA + ~ µ;dn; = ~ ( 2;; CJ +µi) dn; . 

TaKHM o6paJOM, HCKpHBJieHHe rrosepxHOCTH cpopMaJihHO rrpHBO!lHT K yse

JIH'leHHIO HJIH YM8HbWeHHIO XHMH'l8CK0f0 ITOTeHuHaJia. B H)leaJibHh!X CHCTe

Max )lJlll XHMH'leCKOro ITOTeHuHaJia MOlKHO HCITOJih30BaTb CTaH.uapTHYIO JaITHCh: 

µ; = µ? + RT In P; , no3TOMy, o6oJHa'IHB 11epe3 P; .uasneHHe Ha)l rrnocKoH: rro

sepxHOCTh!O, a 11epe3 P;' - Ha)l HCKpHBJI8HHOH l10BepXHOCThlO, rronyqaeM co

OTHOllleHHe 

In P;' = 2() _l 
P; r RT' 

KqTopoe HaJhrnaeTCll ypa6HeHue.M KenbBuna (ypasHeHHeM KarrHJIJillpHoH: KOH

.ueHcauHH). B o6meM cnyqae OHO HMeeT BH.ll 

In P;' = CJV; ( dA ) = CJV; (J_ + _!_J . 
P; RT dV RT r1 r2 

KarrHJIJillpHoe .uasneHHe MOJKHO paccMaTpHBaTh KaK cKa'IOK .uasneHHll M 
Ha rrosepxHOCTH pa3)leJia .UBYX cpa3, HM8!011.\8H KOHe'IHYIO KpHBHJHy. Torna 

dF = o-dA + MdV, OTKyna, HCITOJihJYll ycnosHe KowH )lJill rronHoro !lHcpcpe

peHQHaJia, ITOJIY'IHM COOTHOllleHHe 

M = ()(::)' 
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KOTOpoe .UJUI ccpepwieCK11X KarreJih 11 rry3hlphKOB rrp11H11MaeT B11.U 

!1P = 2<:Y 

r 

3TO COOTHOUJeH11e Ha3bIBaeTCll ypa6He1-tUeM JlanJtaca. 
ITp11 YMeHhUJeH1111 Karrenh 11 rry3hiphKOB a HaLJ11Haer 3as11cerh OT 11x pa3-

Mepos, '-ITO CBll3aHO e 11C'-le3HOBeH11eM 06beMHOH cpa3bl. 3ra 3aBl1C11MOCTh orr11-

Cb1BaeTCll ypaeHeHueM ToJ1Me11a: 

(Y 

<Yo 2À' 
I+~ 

r 

r.ue a0 - rrosepxHOCTHOe HaTmKeH11e rrp11 r >> À. 

CMa•urnatt11e 11 pacTeKatt11e 

Cwa'lueaHue Ha6mo.uaercll Ha rpaH11ue pa3.Ì:\ena .usyx cpa3 ( o.uHa 113 KOTO

phrx rnep,nall) rrp11 rrp11se.ueH1111 s KOHTaKT e Hett rperhett ()fm,UKott) cpa3hI. Ko

JIHLJecrseHHO CMaLJ11BaH11e xapaKrep113yercll KpaeebzM y2J10M (yrnoM cMaLJ11sa

H11ll) 8 - MaKCHMaJibHbIM yrJIOM, 06pa3yeMblM KaCaTeJihHOH K JlOBepXHOCTl1 

Karrn11, Haxo.umueì1cll Ha rsep.uoì1 rrosepxHocr11, rrp11LJeM sepnmHa yrna .uomK

Ha HaXO.U11ThCll Ha Jll1Hl111 KOHTaKTa rpex cpa3 - Jil1Hl111 CMaLJ11BaHl1ll . 06o3Ha

LJl1M TBep.uy10, )1(11.UKYIO 11 ra3oo6pa3HYJO cpa3hl 11H,UeKCaMl1 s, l 11 g COOTBeTCT

BeHHO 11 paCCMOTp11M ycnos11e MexaH11LJeCKOro paBHOBeCl1ll Ha Jil1Hl111 CMaLJl1-

BaHl1ll: CYMMa scex c11n .UOJI)l(Ha 6hITh pastta ttyn10. 3ro np11so,n11T K 

ypasHeH1110 I0Hra (11n11 ,Il,10npe- IOHra): 

<Ysg - <Ysf 
cos8=-~--

<Y1g 

(2 .6.5) 

vlttor,na Ilp11 0Ill1CaHl111 CMaLJ11BaHl1ll 11CllOJih3YJOT KO:)(jJr/JUlJUeHm CMG'IU-

6GHUR 

k 
= <Ysg - <Ysf 

w --"'----

<:Ytg 

KOTOpb!H rrp11H11Maer 3HaLJeHl1ll OT - I .uo I ( o6a 3Tl1 3HaLJeHl1ll COOTBeTCTBYJOT 

JlOJIHOMY CMaLJ11BaH1110 ). 

Kor.ua TPeThll cpa3a sso.u11rcJ1 B c11creMy, cocromuy10 113 rnep.uoìl 11 )1(11.U

KOtt cpa3, .cMaLJ11saH11e Ha3hrnaeTCll 113611pareJihHhIM. B 3TOM cnyqae ypastteH11e 

IOttra np11H11Maer s11.u 

(2 .6.6) 
<:Yt1f2 
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r)le 11H)leKCbl 11 11 /2 OTHOC51TC51 K BBe)leHHOH 11 HCXO)lHOH )!(H)lKHM cpa3aM COOT

BeTCTBeHHO. 

YpaBHeHHe lOHra )lJI51 KanrrH, noMemeHHOH Ha rpaHHIJY Apyroì1 )!(H)lKOH 

cpa3bl e B03)lyxOM, npH ycrrOBHl1 orpaHli'IeHHOH B3aHMHOH paCTBOpHMOCTH 

)!(H)lKOCTeH norrytJaeTC51 H3 paCCMOTPeHH51 6arraHca CHJI Ha JIHHHH CMaqHBaHH51 

H HMeeT BH)l 

u 1 g cos B1 g = u 1 g cos B1 g + u 11 cos B11 . 
2 2 I I I 2 I 2 

(2.6.7) 

PacmeKmme )!(H)lKOH cpa3hl no nosepXHOCTH TBep)loH HJIH )!(H)lKOH cpa3hI 

npoHCXO)lHT, Koma npaBbie qacTH ypasHeHHH lOHra (2.6.5) HJIH (2.6.6) no MO

)lymo 60JibWe e)lHHHUhl, T. e. pacTeKaHHe COOTBeTCTByeT cnyqaIO, KOr)la k > I. 
B (2.6.7) npH paCTeKaHHH sce yrnhI paBHhI HYJIIO, a u 1 g > u 1 g + u 11 . Toma 

2 I I 2 

He cymecTByeT paBHOBeCHOro COCT051HH51 rpaHHIJhl Me)!()ly JlBYM51 cpa3aMH H 

BHeceHHa51 )!(H)lKa51 cpa3a noKphrnaeT nO)lJie)!(aIIJyIO nosepxHOCTb nnocK11M 

CJIOeM MaKpOCKOnHqecKOH TOJIIUHHhl , HHOr)la Ha3bJBaeMblM CMa1rnsa10meì1 

nneHKOH. IlpHMepOM MO)!(eT CJIY)!(HTb pacTeKaHHe Karnrn BO)lhl no nosepXHO

CTH qHCToro CTeKJia. 

B Kaqecrne xapaKTepHCTHKH cMaq1-1sa10IIJeì1 cnoco6HocTH semecTBa 11c

nonh3YJOT K03c/Jr/Juiiue11m pacmeKa11uR (11amR:J1Ce11ue pacmeKa11uR) s: 

S = CJsg - (}si - CJ1g ' 

s = CJ12g - u1, g - u1,12 ' 

11MeJOIIJHH TIOJIO)!(HTeJibHOe 3HaqeHHe B cnyqae pacTeKaHH51. JleHrMIOp TIOKa3aJI, 

qTo qeM 6onhwe Kanrr51 Ha rpaH1111e pa3)lena cpa3, TeM 6onee nrrocKyIO cpopMy 

OHa HMeeT. IlpH OTCYTCTBHH pacTeKaHH51 s < O, a MaKCl1MaJibHa51 TOJIIUHHa JIHH-

3hl (hmax), o6pa3yeMOH KanJieH Ha fIOBepXHOCTH )!(H)lKOH cpa3bI, MO)!(eT 6hITb 

011eHetta (6e3 yqern JIHHeHHoro HanJ)!(eHH51 no KpOMKe JIHH3hl) no cpopMyne 

hmax = 
2sp1

2 (2.6.8) 
g P1

1 
(P12 - P1

1 
) 

5IsJieHH51 CMaq11BaHl15! H paCTeKaHH51 Hrpa!OT 60JihWYIO pOJib B cpopMHpO

BaHHH HecpT51Hb!X nHeH Ha rrosepxHOCTH OKeaHa rrpH pa3JIHBax HecpTH B pe-

3YJihTaTe asapHH. Cpa3y noc.iie pa3JIHBa HecpTH Ha rpaHHUe pa3)lerra ttecpTh -

BO)la KOHUeHTPHPYIOTC51 pa3m1qHb!e CO)lep)!(amHeC51 B HecpTH rrpOJlYKTbl OKHC

JleHH51 11 )lpyrne fIOBepXHOCTHO-aKTHBHhie semecrna (ITAB), B pe3yJ1hTaTe qero 

s 11MeeT 60JibWOe noJIO)!(HTeJibHOH 3HaqeHHe, COOTBeTCTBYJOIUee pacTeKaHHIO. 

IlosepxHoCTh n51THa 6bICTpo ysenHqHsaeTC51, qacTh ITAB paCTBOp51eTC51 B BO)le, 

H HX KOHl(eHTpaUH51 B fl51THe CHH)!(aeTC51, no3TOMY qepe3 HeKOTOpoe speM51 s 
cTaHOBHTC51 OTPHl!aTeJihHhJM 11 pacTeKaH11e rrpeKpaIIJaeTC51. KpoMe Toro, 11cna

peHHe nern11x cppaKUl1H npHBO)lHT K 3HaqHTeJ1hHOMY ysen1-1qeH1110 B513KOCTH 
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He<!>n1 B mITHe. Tom.rurna CllOSI He<f>n1 6y.neT OTllJ.lliaTbCSI OT BbJq11cneHHOH no 

(2.6.8), nOCKOllhKY ycnOBl1SI Ha nosepxHOCTl1 OKeaHa He COOTBeTCTBYlOT Tep

MO.lll1HaM11'!eCKOMY pasHosec1110. IhTHO Ha cnoKOttHOtt nosepxHOCTl1 He 06S1-

3aTenhHO 6y.neT 11MeTb <t>opMy Kpyra, HO JJl1Hl1SI CMa'll1BaHl1SI 6yneT rna,llKOH . 

Pa3Mepbl nSITHa 3aBl1CSIT OT MHOfl1X <f>aKTopos 11 MOfYT .llOCT11raTb MHOr11x Kl1-

noMeTpOB B nmrny 11 w11p11Hy. 

MoneKynhI, HaXO.llS1ll.ll1ecS1 Ha n11H1111 cMa'!11samrn, 0Tn11qa10TCS1 no :rnep

nm OT npyr11x MoneKyn Ha nosepxHocrnx pa3pblBa <t>m, qTo np11son11T K B03-

Hl1KHOBeH1110 c11n JlUHeìùwzo HamR:J/CeHUfl 11 1136hlTOqHoì1 y.nenbHOH CB060,llHOH 

:rnepr1111 HaTSI)l(eH11S1 y. Cm1h1 n11Heì1Horo HaTSI)l(eH11S1 .neì1cTBYIOT B.llOJJb n11H1111 

HaTSl)l(eHHSI 11 COOTBeTCTBYIOT Han11q111Q .llByMepHoro nasneHl1SI p ' sen11'!11Ha 

KOToporo o6paTHO nponop1.1110HanhHa pan11ycy Kp11Bl13HhI r n11H1111 CMa'!11sa

H11S1: 

P=!._ 
r 

Han11q11e :noro .nasneHl1SI np11BO.lll1T K TOMy, qTo B paBHOBeCHOM COCTOSl

Hl111 lll1Hl1SI CMaq11saH11S1 11MeeT <t>opMy 0Kp~HOCTl1. JlHHettHOe HaTS1)1(eH11e 

06b1qHo He npeBbIWaeT I 0-9 
H, n03TOMY cymeCTBeHHO JJl1Wb .!lilli ManbIX r: ,llJJSI 

ManbIX Kanenb paBHOBeCHbIH Kpaesoì1 yron 6y.neT OTn11qaTbCSI OT Bbl'll1CneHHO

ro no ypasHeH1110 lOHra. 

PacK1111H1rna10mee JJ,aB11eH11e 

ToHKl1e )1(11.llKl1e nneHKl1 MOfYT o6pa30BbJBaTbCSI He TOllbKO Ha rpaH111.1e 

pa3,llena KOH.lleHC11pOBaHHOH 11 ra30BOH <f>a3, HO 11 Me)l(.llY .llBYMSI KOH.lleHC11pO

BaHHb!M11 <f>a3aM11: Me)l(,lly TBep.llblM11 'laCTl1I.laM11, Me)l(.llY KanenbKaMl1 )1(11,llKO

CTl1 B 3MYllhCl1SIX, Me)l(.llY ra30BhIMl1 S1qeì1KaM11 B neHax. Csoì1crsa nneHOK e 

T0llll.111HOH h > 2À (TOJICTbie nneHK11) onpe.llellSIIOTCSI 06beMHOH cpa3oj.j 11 .llBy.MSI 

nosepXHOCTHbIMl1 CJIOSIMl1 11 He OTn11qa10TCSI OT CBOHCTB o6hJqHbIX o6beMHblX 

Cl1CTeM. B TOHKl1X nneHKaX (np11 h < 2À) o6beMHaSI <f>a3a OTCYTCTByeT, a no

BepXHOCTl1 pa3pbIBa <t>m nepeKpbIBalOTCSI, qTo np11BO.lll1T K B03Hl1KHOBeHl1lO 

oco6hIX c11JI, Ha3BaHHhIX 6. B. )J,epHrnHhIM pacKJIUHU6WOUfUM òaeJieHueM (Il). 
3TO 1136bITOqHoe .llaBneH11e B TOHKOH nJieHKe no cpasHeHl1IO e r11npocTaT11qe

CKl1M .llaBneHl1eM B o6beMHOH <f>a3e (P): l1 = Pf - p , f.lle pl - ,llasneH11e B 

nJieHKe. 

PaccMOTp11M nnocKonapaJinenhHYIO nneHKY )1(11.llKOCTH Me)l(.llY .llBy.MSI rnep

.llhIMl1 <f>a3aMl1 (KpaSI nJieHKl1 KOHTaKTl1PY!OT e o6beMHOH )1(11.llKOH <f>a3oì1) . llp11 

h > 2À nosepxHOCTHaSI yneJibHaSI cso60.nHaS1 3HeprnH nJieHKl1 Ff = 2a . Ee 

qaCTO Ha3bIBalOT npOCTO HaTS1)1(eH11eM nJieHKH 11 o603Ha'lalOT (j f . llp11 KBa311-

CTaTl1'leCKOM c6n11)1(eH1111 Ha dh rnep.llblX <f>a3 np11 h < u Ha,llO COBepIII11Tb ,llO-
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noJIHJ1TeJihHY!O pa60Ty dW, CB»3aHHY!O e nepeKpbrnaH11eM nosepxHOCTeì1 pa3-

pbrna cpa3: dW = -Tidh, r.ue TI(h) - pacKJI11H11sa10mee .uasneH11e. Harn)!(eH11e 

IIJieHKl1 np11 3TOM 113MeHl1TC»: (J" f = 20" + /:l(J" f ( h) . 

Ilo3TOMY pacKJI11H11sa10mee nasnem1e pastto 

dO"f d!lO"f 
I1=---=---

dh dh 

OTKy.ua JlJlji 1136bITKa yneJibHOH nosepXHOCTHOH cso6o.uttoì1 3Hepr1111 TOHKOH 

nJieHKl1 11MeeM: 

h 

llO" f ( h) = - f TI dh . 
00 

PacKJI11H11sa10mee nasnett11e 11MeeT pa3Hbie cocTaBJIH10IU11e. MoneKyn»p

Ha» COCTaBJIH!OIUaH o6ycJIOBJieHa c11JiaM11 Me)!(MOJieKyJIHpHOro B3al1MO)lettCT

Bl151 11 06b1qHo OTp11uaTeJibHa, T. e. BbI3bIBaeT YTOHqeH11e nneHKl1. HoHH0-

3neKTPOCTaT11qecKa» COCTaBJI»!OIUa» B03Hl1KaeT B paCTBOpax 3JieKTPOJil1TOB 11 

o6ycnosneHa 3ap»JJ.aM11 TBepJJ.bIX cpa3 11 pacrrpeneneH11eM 3ap»na 11 noTeHu11ana 

B nepeKpbIBa!OIU11XC» )lBOHHb!X 3JieKTP11qeCKl1X CJIO»X. 

Kore3tt.H H a)J,re3tt.H 

Pa6ory, Heo6xo.u11My!0 )lJI» Toro qTo6bI B OTCYTCTBl1e BHeIIIHl1X IIOJiett 11 

Cl1Jl pa3)leJil1Tb O)lHOpOJJ.HY!O cpa3y Ha nse qacTl1 e o6pa30BaHl1eM .usyx HOBb!X 

Me)!(cpa3Hh!X nosepxHOCTeì1, Ha3bIBa!OT pa6omoìi K02e:JUU. QqeBl1)lHO, qTo B 

pacqeTe Ha e.u11H11uy nnoman11 3Ta pa6orn pasHa Wc= 20", rne O" - nosepxHo

CTHOe Harn)!(eH11e HOBOH nosepXHOCTl1. 

Ilp11 TaKOM )!(e pa3)leJieHl111 nsyx pa3Hb!X O.UHOpOJJ.Hb!X qia3 (1 11 2) cosep

waeTC» pa6oma aò2e:Juu. Qqes11.uHo, qTo a 3TOM cnyqae nosepxHOCTb pa3pbrna 

Me)!(.uy .UBYM» cpa3aM11 3aMeH»eTCH JlBYM» HOBblM11, 1103TOMY pa6oTa anre31111 B 

pacqeTe Ha en11H11uy 11noman11 pasHa Wa = 0"1 + 0"2 -0"12, rne 0"12 - nosepx-

HOCTHOe Harn)!(eH11e Ha 11CXO)lHOH Me)!(cpa3HOH rpaH11ue, a 0"1 11 0"2 - Ha HO

Bb!X rpaH11uax cpa3. 

Ilp11 paCCMOTPeHl111 Cl1Jl B3al1MO,UeHCTBl1» Me)!(JJ.Y MOJieKyJiaM11 O)lHOH 11 

pa3HbIX cpa3 06b1qHo BbIJJ.eJI»!OT Hecne1111cp11qecK11e .u11cnepc110HHb1e c11nb1 11 

BCe npoq11e Cl1Jlbl, cpe.u11 KOTOpblX Ha116onee Ba)!(Hbl Cl1Jlbl non»pHb!X B3al1MO

neì1CTBl1H. Ha Me)!(cpa3HOH rpaH11ue 113 3Hepr1111 B3al1MO)leHCTBl1» MOJieKyJI CO 

csoeì1 cpa3oì1 Hano Bb1qecTb 3Hepr1110 Me)!(MOJieKyn»pHoro s3a11Mo.ueì1CTBl1H e 

npyroì1 cpa3oì1, 11Me10I11eì1 xapaKTep .u11cnepc110HHOro B3a11MOJJ.eì1cTBm1. 3rn 

3Hepr11H Me)!(cpa3HOro B3al1MO)leHCTBl1» e xopoweì1 TQqHOCTb!O paBHa cpe.uHe

MY reoMeTp11qecK0My JJ.JI» n11cnepc110HHhIX B3a11Moneì1CTB11ì1 BHYTPl1 KOHTaK-
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TttpyIOuv1x cpa3. Ilo3TOMY .umi Me)!(cpa3Horo HaTl!)!(eHttll BhITIOJIHl!eTCll ypaeHe

Hue <PoyKca: 

0-12 =0-1 +o-2-2Ja-,do-2d, 

r.ue (Jld H a2d - .UHCIIepCHOHHhie COCTaBJill!Oll(He rrosepXHOCTHOrO HaTl!)!(eHHll 

1-ìi H 2-ìi cpa3 . CpasHHB ero e Bhipa)!(eHHeM .UJill pa6oThl a.ure3HH, rrony'rneM: 

wa = 2Ja-,do-2d . 

qepe3 pa6ory a.ure3HH MO)!(HO e rroMO!llhIO (2.6.5) Bh1pa3HTh Kpaesoìi yron: 

wa -O"/g 
cosB=---~ 

0-tg 

,UBIDKem1e )!(.11,UKOCTH B rropttCTbIX TeJiax 

IlopHCThie Tena, TaKHe KaK cj)HJihTPOBaJihHall 6yMara, cancpeTKH, ry6KH, 

TPl!IIKH, rrecoK H T. II., xoporno BIIHThIBaIOT B ce6l! so.uy, qTO o6ycJIOBJieHO .ueìi

CTBHeM CHJI rrosepXHOCTHOro HaTl!)!(eHHll. Mo.ueJihlO IIOphl MO)!(eT CJIY)!(HTh 

TOHKall UHJIHH.Upw1ecKal1 Tpy6Ka - KaIIHJIIIllp. 

B coo6111a10111Hxcl! cocy.uax, ecJIH O.UHH H3 HHX rrpe.ucrnsnlleT co6oì1 Ka

IIHJIJillp, a .upyroìi - WHpOKHH cocy.u, rrosepxHOCTHOe HaTl!)!(eHHe rrpHBO.UHT K 

Hecosrra.ueHHIO yposHeìi )!(H.UKOCTH. Pa3HOCTh yposHeìi, HJIH Bbzcoma KanuJZ

!lRpHozo nOÒbeMQ h )!(H,UKOCTH, HMe10111eì1 flJTOTHOCTh p, o6ycJIOBJIHBaeT .uo

IIOJIHHTeJihHOe rtt.upocTaTH4eCKOe .uasJieHHe pgh, KOMIIeHCHpy10mee KaIIHJI

JillpHoe .uasneHtte (rrJIOTHOCThIO so3.uyxa MO)!(HO rrpeHe6peqh) M, KOTopoe B 

rrpH6JIH)!(eHHH ccpepttqecKoro MeHttcKa pa.uttyca R orrpe.ue;rneTCll ypasHeHtteM 

Jiarrnaca. Ecntt () - Kpaesoìi yron, TO 

h 
_ 2o- I _ 2o- cos (} _ 

1
2 cos (} 

--·---·---e--, 
pg R pg r r 

r.ue r = R cos (} - pa.nttyc KarrttJIJillpa, i!; = 2o-/(pg) - KanuJZ!lRpHaR nocmo

RHHaR Uc - KaIIHJIIIllpHall .UJIHHa). 

MaKCHMaJihHal! CKOpOCTh JiaMttHapHoro TeqeHHl! (umax) )!(H.UKOCTH e Bll3KO

CTh!O Y/ no octt KaIIHJIJillpa pa,nttycoM r 11 .UJIHHOH I rrpl!MO rrporroputtoHaJibHa rrepe-

rra.uy .uasJieHHll M Ha ero KoHuax (3aKoH CmoKca): umax = r
2 Mj( 417!) . Cpe.UHl!ll 

no ceqeHHIO CKOpOCTh TeqeHHl! u B.UBOe MeHhllie. L{Jlll OIIHCaHHll TeqeHHl! y.uo6Hee 

HCI10Jlb30BaTb pacxo.u (Q) )!(H.L(KOCTH, paBHblH rrpomse,neHHIO cpe.uHeH CKOpOCTH 

Ha IIJ!Oll(a,L(b ceqeHHll (A) KaIIHJIJillpa, orrpe,neJilleMbIH 3QKOHOM flya3eUJZR: 

Q = uA = 7r r4 M/(877!). 
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Tiepexo.u OT naM11HapHoro K Typ6yneHTHOMY Te4eHl1lO npo11CXO.lll1T np11 

npeBblllieH1111 q11cnoM Peì1Honh.uca (Re= udp/77, d - .u11aMeTp Tpy6K11) Kp11-

rnqecKoro 3Ha4eHmI (~2300). 

Tip11 re4eHl111 B nop11CTOM Tene, npe.ucrnBn51IOllleM co6oì1 COBOKYTIHOCTb 
113Bl1TbIX Kan11nn5!pOB pa3nl14HbIX .u11aMeTpOB, nepexo.u OT naMl1HapHoro Te4e
Hml K Typ6yneHTHOMY np011CXO,Ul1T nnaBHO. flp11 3TOM 113-3a 113Bl1nl1CTOCTl1 11 
wepoxosaTOCTl1 Kan11nn51pos Kp11T114ecKoe q11cno Peì1HOJih.UCa 3Ha411TenbHO 
MeHhIIIe, 4eM B rna,UKOM Kan11nn51pe, 11 o6bi4HO HaXO,Ll11TC51 B .u11ana30He OT lo 
no 30. Oco6eHHO 6onbrn11e OTKnoHeH115! oT 3aKoHa CToKca Ha6mo.ua10Tc5! B 
M11Kponop11CTblX Tenax. B CB51311 e 3Tl1M .un51 on11caHl15! Te4eHl151 )!(11.UKOCTl1 11n11 
ra3a B nop11CTbIX Tenax 11cnonb3YfOT 3GKO/-I /(apcu .LlJI51 nnoTHOCTl1 nOTOKa )!(11,Ll-

KOCTH: jv = Q = !:....( òP), r.ue k - K03cpcp11u11eHT npoH11uaeMOCTl1 nop11cToro 
A 17 òl 

Tena. 3aKOH .1J:apc11 BhmOnH51eTC51 TOnhKO ,Un51 JlaM11HapHb!X Te4eHl1H ( 06bl4HO 
np11 Re < 1). 

TiopHCTOCTb Tena (IT), T. e. OTHOllleH11e CYMMapHoro 06beMa nop K nonHOMY 
o6beMy Tena, MO)!(eT 6b1Tb onpe.ueneHa no 11crnHHOH (p0) 11 Ka)!(ymeì1c51 (p) nnoT
Hocrn Tena: TI = I - pi p0. Bse,Ll51 K03cpcp11u11eHT 113s11n11crocrn i5 (I < o < 1,5) 11 
C411Ta51, 4TO CYMMapHa51 nnoma.uh Ce4eHl151 nop paBHa TI/6, .LlJI5I noTOKa MO)!(HO 3a

n11caTb: iv = JorI/ o, r.ue io - nnoTHOCTb TIOTOKa B O.UHOM Kan11nJl5lpe: 

io = r 2 M/( 877/) . C411Ta51, KpOMe Toro, qro rpa.u11eHT .uasneH115! B 3aKOHe .1J:apc11 

nocT051HeH 11 paseH Mli, nonyq11M .LlJI5I cpe.uHero pa.u11yca nop Bb1pa)!(eH11e 

r= ~8~5. 
Tiop11CTOCTb 11 K03cpcp11u11eHT npoH11uaeMOCTl1 onpe.uen5llOT 3Kcnep11MeH

TanbHO, a i5 3a.ua10T, 11cxo.u51 113 .uonontt11TenbHhJX coo6pa)!(eH11ì1. Bb1q11cneHHhJH 
TaKl1M o6pa30M cpe,UHl1H pa.u11yc nop o6bI4HO MeHbllle peanbHOro, 4TO CB513aHO 
e HaJ111q11eM B nop11CTOM Tene ryn11KOBblX 11 nonHOCTblO 3aKpb!TbIX nop. 

Az:i:cop611Jrn 

A.ucop6u11eì1 Ha3brnaeTC51 5!BneH11e caMonpo113BOnbHoro KOHueHTp11posa
Hl15! semecTsa B nosepxHOCTHOM cnoe. flp11 3TOM KoHueHTp11py10meeC5! seme
CTBO Ha3brnaeTC51 a.ucop6aTOM, a cpa3a, Ha rpaH11ue e KOTOpoì1 np011CXO.U11T KOH
ueHTp11posaH11e semecrna 113 .upyroì1 cpa3hl, - a.ucop6eHTOM. Oco6eHHo sen11Ka 
a.ucop6u115! nosepXHOCTHO-aKTl1BHb!X semecTB. TiosepxHOCTHa51 aKTl1BHOCTb -
He 11H.U11Bl1.llYanbHOe CBOHCTBO semecrna, OHa 3aBl1Cl1T OT CBOHCTB KOHKpeTHOH 
reTeporeHHOH Cl1CTeMbl, B KOTOpOH Ha6n10.uaeTC5! a.ucop6u115!. 

Ba)!(Heì1rny10 ponb B np11po.ue 11 B npoMb1wneHHOCT11 11rpaeT a.ucop6u115! 
Ha nosepXHOCTl1 BO.UHbIX paCTBOpOB. TiosepXHOCTHOe HaT5i)!(eH11e BO.UHOro 
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paCTBOpa 33BHCHT OT KOHQeHTP3UHH paCTBOpeHHOro BeIQeCTBa. 0.UHHM H3 

Ha.H60JJee <iaCTO HCilOJlb3yeMb!X ypasHeHHH, onHCb!B3IOIQHX :ny 33BHCHMOCTb, 

HBmleTCH ypaBHCHHe illHWKOBCKOro: 

Jr=bln(I+Ac), (2.6.9) 

r.ue 7f - nosepxHOCTHOe .uasneHHe, e - KOHUCHTP3UHH pacrnopa, A - napa

MeTp a.ucop6UHH HH.UHBH,UyanbHOro BeIQeCTBa, b - napaMeTp, noCTOHHHb!H 

.UJJH .uattttoro roMonorH<iecKoro pH.Ua semecTB (cnHpTbI, npe.uenbHbie yrneso

.uopO.UbI H T. n .) 

r. )J,IOKJJO 3KCnep.HMeHT3JlbHO ycTaHOBHJJ, 'ITO B roMonorn<ieCKOM PH.UY 

yMeHbWeH.He (J paCTeT e yseJJH<iCH.HeM .UJJHHbl yrnepO.UHOH uen.H. rr. Tpay6e 

noKa.JaJJ, <iTO apmpMeTH<iecKaH nporpecc.HH s .umrne uenH cooTBeTCTsyeT reo

MeTpH<iecKoìi nporpeCCHH B yseJJ.H'leHHH (J. )J,nH nocne.uosaTCJlbHb!X t.IJJCHOB 

rOMOJJOrH<ieCKOro pH.Ua BbinOJJHHeTCH COOTHOWeH.He 

.[lrn+I) =A, 

ll"n c--tO 

Ha3brnaeMoe npa6UJIO.M J(10KJ10-Tpay6e. B 3TOM cooTHOWeHHH A - napaM~ 

ypastteHHH illHWKOBCKOro, npH<ieM 3::; b::; 3, 5. IlpH e~ o (2.6.9) ynpoma-

eTCH: J[ = bAc' no3TOMY B npe.uenax O.UH Oro roMOJJOrH<ieCKOfO pH.ua 

3::; An+i/An ::;3,5. 

TepMO.UHHaMH<iecKoe onHcattHe a.ucop6uHH y.uo6Hee scero nposecTH, HC

nonb3YH MeTO.U pa3.uenmomeì1 nosepxHOCTH rH66ca. 

H10TepMa a)J,cop6u1rn 1tt66ca 

B3aHMOCBH3b MC)l(.LIY a.ucop6uHeì1 H nosepxHOCTHbIM HaTH)l(eH.HeM B 1130-

TepMH'IeCKHX ycnOBHHX Ha3bIBaeTC5! U30mep.MOU aòcop6iiuu. lb ypaBHeHHH 

rH66ca-)J,10reMa (2.6.4) npH nOCTOHHHb!X T H p cne.uyeT: 

Ad O"= -"L,n;dµ;. 

B 3TOM ypasHeHHH B npasoìi <iaCTH n; - KOJJH<iecTBO i-ro semecTsa, 

cpopMaJJbHO OTHeceHHOe K pa3.UCJJH10meì1 nosepxHOCTH. 06o3Ha<iHB f'; = n;/ A, 

nonyt.iHM u3omep.My aòcop6iiuu I'u66ca B BH.Ue 

dO" = -L,r;dµ;, (2.6.1 O) 

r.ue f'; - yòe.nbNaJl aòcop6iJUfl i-ro KOMnoHeHrn. 

Pa3.uenH10my10 nosepxHOCTb MO)l(HO Bb16paTb TaK, <iT06b1 KOHUeHTpaUHH 

JJI06oro BbI6paHHOro KOMnOHeHTa B6JJ.H3H nosepxHOCTH pa3pb!Ba 6b!Jl.H 0,UHHa-
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KOBbl no o6e CTOpOHhl pa3.uem11omeì1 nosepXHOCTl1. 06hI'IHO ee BhI611pa!OT TaK, 

'IT06b1 nosepxHOCTHhIH 1136hITOK pacTsop11Tem1 6hrn paseH HYJI!O. 

113 (2.6.10) cne.uyeT, 'ITO 

r,
0 -[::t· 

llocKOJibKY µi = µp + RT In a; 11 .umi pa36asneHHhIX pacrnopos ai ""ci, TO 

C· (80") 
r; = - R~ ac; T,P,cj~ i (2.6.11) 

TionyqeHHOe COOTHOll!eH11e 06h!'IHO Ha3hIBaeTCll U30mepMOU aòcop611uu 
Tu66ca. 

Ecn11 BOCCTOJlh30BaThCll ypaBHeH11eM illl1lllKOBCKOro, TO B .usyxcpa3HOH 

.llBYXKOMCTOHeHTHOH Cl1CTeMe 

r=_k_·~. 
RT l+Ac 

(2.6.12) 

b 
Tip11 e~ 00 r = r 00 = - . Torna Ac +I= r oo /(r 00 -r) 11 113 ypasHeHl15! 

RT 
ill11ll!KOBCKOro nonyqaeM: 7L = -r OO RT In (I- r/r 00 ). Ha I MOJ!h a.ucop611po-

BaHHhlX MoneKyn Ha nosepxHOCT11 np11xo.u11Tcl! nnoma,nh A= ljr . 06o3Ha'!11M 

- RT ( - /-) 1-Àoo = ljr 00 , rnr.ua Jr= --=- In 1-Aoo A ""RT A . Ta11M o6pa3oM, MhI no-
Àoo 

nyqmrn ypasHeH11e cocTOl!Hl15! a,ncop6u110HHoro cno51: Jr A = RT . 

IfaoTepMa a.n:cop6QHH JlettrMIOpa 

11. JieHrM!Op npe.UJIO)l(11JI npocTettlllyJO Mo,nenh a.ucop6u1111 Ha Me)l(cpa3Hoì1 

nosepXHOCTl1 TBep,noe Teno - ra3. l13-3a npOCTOThl 11 o6mHOCTl1 npe,nnOJIO)l(eHl1H 

:na MO.UeJib np11ro.uHa .UJI5! on11caH115! !lOBOJihHO ll!11p0Koro KJiacca o6oeKTOB. 

OcHOBHbie npe.unoJio)l(eH115! Mo.uen11 cocTOl!T s cne.uyJOmeM. 

l. lfocno ueHTPOB CB5!3hIBaHl15! Ha TBep,noì1 nosepxHOCTl1 nOCT05IHHO. 

2. Cs5!3hrnam1e a.ucop6aTa npo11cxo.u11T He3aswc11Mo oT 3anonHettw5! ueHTpos 

CB5!3hIBaHW5! Ha nosepXHOCTli a.ucop6ettTa. 

3. U:eHTp CB5!3h!BaHW5! MO)l(eT CB5!3aTb TOJ!hKO 0.llHY MOJieKyny a.ucop6aTa. 

B pasttosecw11 CKopocrn a.ucop6u11w 11 .uecop6uww, T. e. o6parnoro a,n

cop6u1rn npouecca, paBHbl. J13 OCHOBHOro noCTyJiaTa XliMW'!eCKOH KWHeTw-
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KH cne.nyeT, 'ITO CKOpOCTb a,L\COp61111:11 (va) MmKeT 6blTb 3am1caHa B BJ.1.[le 

Va= ka (I-.9)P, r.11e Va - CKOpOCTb a.ncop611:11:11, k. - KOHCTaHTa CKOpOCTJ.1, 

.9 - .nomi 3amn&1x ueHTPOB a.ncop6uHH, P - .11a0neH:11e HacbIIUeHHOro napa 
a.ncop6arn. 

QqeBJ.1.[IHO, 'ITO .9 = f/f max = f/f 00 , f):le f max - eMKOCTb a.11cop6eHTa, 

T. e. MaKCttMaJJ&Hoe 'IHCJJO MecT CB5!3b!BaHH5! Ha e.n:11H:1111y nnoma.11H. CKopocTb 

.11ecop61(11H (vd) paBHa Vd = kd 9 f max, r.11e kd - KOHCTaHTa CKOpOCTJ.1 ,L\eCop6-

UJ.1H. I-fa paBeHCTBa Va= vd CJle,L\yeT, 'ITO 

.9 = kaP 

kdrmax+ka P 

A'P 

l+A'P' 

r.ne A'= ka /( kdr max) - aòcop6!.fUOHHafl. aKmueHocmb. 

flp:11 a.11cop6u:11:11 113 paCTsopa e KOHl(eHTPau:11di pacTsopeHHoro semecTsa e 
H30TepMa JleHrM!Opa HMeeT BHLI 

.9=c/(a+ c) , 

r.ne a = 1/ A . 3rn ypasHeHHe cosna,L\aeT no cpopMe e ypastteHHeM (2 .6.12). I-fa 

ypaBHeHJ.151 (2 .6.12) npH Ac << I cne.11yeT, 'ITO r = r max Ac . flpn BbICOKOH no

BepXHOCTHOH aKTJ.1BHOCTJ.1 semeCTBa a.11cop6UH5! paBHa KOJJH'leCTBY semecTBa B 

nosepXHOCTHOM CJJOe e.11HHH'IHOH nnoma.llH, TOr,L\a r = Cs O , r.[\e e,, - KOHl(eH

Tpau1rn B nosepxHOCTHOM cnoe, <5 - TOJJlUttHa nosepxHOCTHOro cno5! . Cne,L\o

BaTeJJhHO, f maxÀC = C50, T. e. 

es _ Ar max = Ka , 
--; - 5 

(2 .6.13) 

r.ne K0 - KOHCTaHrn. TaKHM o6pa30M, npn Ac << l pasttosec:11e nosepxttocT
Horo. CJJ051 J.1 o6beMHOH cpa3bl onHCh1BaeTC5! 06bI'IHb!M 3aKOHOM feHpH. 3To 
nptt6JJmKeHHe H.l\eaJJbHOH CHCTeMbl. 

B 6onee o6meM cnytJ.ae .l\JJll a.11cop6arn .l\OJJ)l(HO BhinOJJH51TbCll ycnos:11e 
paBeHCTBa XHMH'leCKHX noTeHUHaJJOB: 

µ0 + RTlnc = lk>s + RTlnc5 , 

r.ne HH.l\eKC s 03Ha'laeT f!OBepXHOCTHb!H CJJOH. 0TCIO.l\a cne.11yeT: 

es 
RTln - = µO - µO s = Wa =-<PN A, 

e 

r.11e W0 - pa6orn a.11cop611HH (pa6orn c:11cTeMb1 no nepeMemettttIO l MOJJ51 se

mecrna 113 o6beMHoì1 cpa3bI Ha nosepxHOCTh), <D - TaK Ha3&rnaeMbIH a.ncop6-
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UHOHHbIH noTeHUHaJJ IIAB. IIo.ucTaBHB B .uaHHoe ypaBHeHHe Bbipa)!(eHHe 

(2 .6.13), noJiyqHM: 

W = RTln Ar max = RT(ln A+ In r max). 
a 5 5 

PacrnopHMOCTb H a.ucop6um1 IIAB H3MeH5llOTC51 opH sapttaUHH .UJIHH MO

JieKyJI, HO CBOHCTBa a.ucop6UHOHHb!X CJIOeB OT ,D.JIHH MOJieKyJI He 33BHC51T. Ecmf 

ypaBHeHJfe lliHWKOBCKOro nepenttcaTb C HCnOJib30B3HHeM f H r max, TO lIO

JlY'!HM ypaeHeHue BaH-flaapa: 

( r max J 
n = R Tr max In r max - r . 

IlpH YMeHbWeHHH IIJIOW.a,D.Jf lIOBepxHOCTH am, npHXO.ll51W.eHC51 Ha 0.llHY MO

JieKyJiy a.ucop6aTa, .LI.O KpHTH'-IeCKOro 3HaqeHH51 ac = ljr 00 npOHCXO,D.HT KOJIJianc 

MOHOCJI051 ancop6aTa, npH KOTOpOM ~e He BbllIOJIH5leTC51 ycJIOBHe, l.jTO KOJ!Hl!e 

CTBO MOJieKyJI Ha nosepXHOCTH He npeBbIWaeT l!HCJia ueHTPOB CB513blBaHH51. 

B 6oJiee o6w.Hx npe.unoJIO)!(eHH51X uettTpb1 CB513hJB3HH51 MOrYT 6bITb He

H,D.eHTHl.jHbI. B MO.lleJIH TeMKHHa pacnpeneJieHHe ueHTPOB CB513bJBaHH51 no :rnep

fH51M JIHHeHHOe, B MO,D.eJIH 3eJib.llOBHl!a - 3KCIIOHeHUHaJJbHOe. B nocJie,D.HeM 

CJiyqae 3eJib,D.OBHl! noJiyl!HJI H30TepMy a.ucop6UHH, H3BeCTHYIO KaK 3MnHpHqe-

CKa51 H30TepM3 <l>peHH.[lJIHXa: r = ppl/n, r,D.e 3 :$; n :$; 5, /J - KOHCTaHTa. 

B MO.UeJIH EpyHay3pa- 3MMern- TeJIJiepa npe.uooJiaraeTC51, l!TO B03MO)!(

Ha MHOrQCJIOHHa51 a.ucop6UH51, TenJIOTa a.ucop6UHH noCT051HHa H paBHa TenJIO

Te KOH.[leHCaUHH H Ka)!()J.b!H CJIOH cpopMHpyeTC51 !IO MO,D.eJIH JleHrM!Opa. 

CB060,r:i;Ho,r:i;McrrepcHhie cMcTeMhI 

TioBepXHOCTHble 51BJieHH51 cyw.ecTBeHHbl B CHCTeMax, B KOTOpbIX KOJ!Hl.je

CTBO MOJieKyJI B lIOBepxHOCTHbIX CJI051X cpaBHHMO HJIH 60JibWe l!HCJia MOJieKyJI 

B o6beMHOH cpa3e. K TaKHM CHCTeMaM OTHOC51TC51 òucnepCHble cucmeMbl - re

TeporeHHbie CHCTeMbl, B KOTOpbIX 0.[lHa H3 cpa3 npe.ucTaBJieHa MaJibIMH (no 

I O MKM) qacTHU3MH. 

Pa3HOBH)J,HOCTH m1cnepCHhIX CHCTeM 

.UwcnepCHble CHCTeMbl KJI3CCHcpH1\HPYIOT no pa3JIHl.jHblM npH3HaKaM: no 

pa3Mepy qacTHl\ (KOJIJIOH)J.bl, BbJCOKO)J.HCnepcHble H rpy60.[lHCnepCHble), no 

pacope.ueJieHHIO qacTHU !IO pa3MepaM (MOHO- H lIOJIH)J.HC!IepcHbie), no KOHUeH

TpaUHH l!3CTH .UHC!IepCHOH cpa3bl (cso6o.n.Ho- H CB513aHO.[lHC!IepcHbie CHCTeMbl), 

!IO xapaKTepy B33HMO,D.eHCTBH51 qacTHU e )J.HCnepCHOHHOH cpe.uow (JIHOcpHJib

Hbie H JIHOcpo6Hb!e) . 
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fpy6o)JJfCI1epcHbJe ClfCTeMbl HeycTOHlJHBhl, B HHX lJaCTJfl{hl 6bJCTp0 oce

,lla!OT. B KOJJJJOif,llHhIX If BhICOKO,lllfCITepcHbIX ClfCTeMax lJaCTifUhl OCTalOTC51 BO 

B3BeweHHOM COCT051Hlflf B TelJeHife ,llOJJfOfO speMeH!f (LIO CHX rrop coxpaHH

JJifCh KOJJJJOHLIHhie pacTsopb1, rrpttroTOBJJeHHhie M. ct>apa,L1eeM). 

B JJHOcpHJJhHhIX cttcTeMax B3aHMO,lleì1cTBHe tJaCTHU e L1HcrrepcttOHHOH 

cpe,LIOH BeJJHKO, Me)Kcpa3Ha51 rrosepxHOCTHa51 3HeprH51 MaJJa (< 10-2 
M)J,)K·M-

2
). 

K HlfM, HarrpttMep, OTHOC51TC51 Mlfl{eJJJJ51pHbie pacTsopbI TIAB. JittocpttJJhHhie 

,lllfCITepcHbie CHCTeMbl o6pa3y!OTC51 CaMorrpOH3BOJJhHO. 

B JJHOcp06HhIX CHCTeMax, Hao6opoT, B3aHMO,[leHCTBJfe lJaCTifU e ,llHC

rrepcHOHHOH cpe,LIOH MaJJO, a Me)Kcpa3HOe HaT5!)KeH11e OTHOCHTeJJbHO BeJJHKO 

(I 0- 100 H ·M-
1 
). K TaKHM c11cTeMaM OTHOC51TC51, Harrp11Mep, tJaCTHilbI MaJJopac

TBopttM bIX COJJeì1 B BO,lle. 

B CB060,LIHO,lll1CITepcHhIX CHCTeMax KOHueHTpauH51 lJaCTHU MaJJa, OHH Ha

XO,ll51TC51 B cpe,llHeM Ha 60JJhlIIHX paCCT051Hlf51X L1pyr OT .Llpyra, f103TOMY Be,llyT 

ce651 KaK He3aBHCHMhie ClfCTeMbl. B CB513HO,lllfCI1epcHhlX CHCTeMaX lJaCTifUhl 

HaXO,ll51TC51 B KOHTaKTe L1pyr e .LlpyroM, o6pa3y!OT pa3JJifllHbie Tlfflhl KOJJJJOH,ll

Hb!X cTpyKTyp, rro3TOMY csoì1crna CB513HOL111crrepCHhIX c11cTeM cymecTseHHO 

OTJJJf'-IalOTC51 OT CBOHCTB CB060,llHO,lllfCITepcHblX CHCTeM. 

)J,11crrepCHhie CHCTeMbl e ra30BOH ,llHCrrepCHOHHOH cpe,LIOH He3aBHCHMO OT 

arperaTHOfO COCT051Hl151 semeCTBa B ,llHCrrepCHOH cpa3e Ha3bIBalOTC51 a:Jp030JIH.

MU. A3p030JJl1 OKpy)KalOT Hac BCIO,lly: B rrpttpO,llHhlX ycJJOBl151X B 1 M 3 
,lla)Ke ca

MO!O LJHCTOro B03,llyxa ttaxo,LIHTC51 LIO I 08 
tJaCTHU . K a3p030JJ51M OTHOC51TC51, Ha

rrpttMep, ryMaH, IThIJJb, ,llhIM, o6JJaKa. OrpoMHoe KOJJ11lJeCTBO a3p030JJ51 o6pa3y

eTc51 Ha.LI rrosepxHOCThlO oKeaHa B pe3yJJbTaTe rrpoueccos Kane!lbHozo y1-1oca -
cpbrna MHKpOKarreJJb BeTpOM e rrosepXHOCTif BO,llhl, HX o6pa30BaHim rrp11 pa3-

pyweHl111 rry3blphKOB y MopcKoì1 nosepxttocT11 11 LIP- TaKtte a3p030JJbHbie ciac

THilhI MOfYT OCTaBaTbC51 B aTMOccpepe OlJeHb ,LIOJJ!O (HeCKOJJbKO JJeT) 11 3a 3TO 

speM51 MoryT o6JJeTeTb 3eMHOH wap HeCKOJJbKO pa3. 

Pa3Mep tJaCTHU a3po3oJJeì1 CHH3Y orpaHHlJeH ycJJOBHeM, 'IT06hr tJacT11ua 

BeJJa ce651 He KaK MOJieKyna ra3a. ITocJie,llH11e rrp11 CTOJIKHOBeHl151X e TBep,llbIMl1 

TeJJaM11 B oTcyTcTBHe a,L1cop6utt11 se,llyT ce651 KaK TBep,llbie TeJJa. CTOJJKHOBeH115! 

tJactttu a3p030JI51 e TBep,llbJMH Te11aM11 He scema yrrpyr11e: tJaCTHilhI tJaCTo rrptt

JJ11rra10T K rrosepXHOCTH. II0Be,L1eH11e lJaCTl1Ubl onpe,lleJI51eTC51 COOTHOIIIeHHeM 

3Hepr11H B3al1MO,lleHCTBl151 MOJieKyJI LJaCTl1Ubl .Llpyr e .LlpyroM 11 e rrosepxHOCTblO 

11 TenJJosoì1 3Heprneì1 . Heo6xoL1HMhre ycJJos1151 BbmOJIH5IIOTC51, KO.Lia tJacT11ua 

a3p030JJ51 COCTOHT np11MepHO Jf3 1 o MOJJeKyJJ. 

Tip11 yseJJ11lJeH1111 pa3MepoB lJaCTl1U a3p030JJ51 HX ITOBe,lleHife MeH51eTC51, 11 

KpynHbJe lJaCTl1Ubl npH CTOJJKHOBeHH51X e TBep,llblMl1 IIOBepxHOCT51Ml1 MoryT 

CHOBa BeCTH ce651 KaK ynpyr11e TeJJa. :::ho CB513aHO KaK e yseJJ11lJeH11eM Kl1HeTl1-

lJeCKOH 3Hepr1111 tJaCTHu, TaK 11 e ocJJa6JJett11eM c11JJ a,L1re31111 113-3a YMeHbWeH115! 

yL1eJibHOì1 nJJomaLltt rrosepxHOCTtt . A3p030JJeM MO)KeT ClJHTaTbC51 TaKa51 Lll1C

rrepctta51 Cl1CTeMa, B KOTOpOH lJaCTHUhl ,LIBl1)KYTC51 B OCHOBHOM e ,lll1CIIepc110H 

HOH cpe,L1oì1, T. e. e ra3oM. B Typ6yJJeHTHOM IIOTOKe tta6JJ10,L1aeTC5! nepe6poc 
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'lacn1u 113 O.LlHOro 3as11xpeH11J1 s .upyroe 3a c'!eT c11JI 11Hepu1111. IloJTOMY a3po-

30Jih MOlKHO onpe.ueJIHTh KaK .u11cnepcHyJO CHCTeMy, B KOTOpOH CKOpOCTh .LlBH

lKeHl1ll 4acT11u 3a C'leT nepe6pocos He npesh1waeT cKopocT11 nepeHoca cpe.uoi1 . 

.[1,m1 c<fiep114ecKHX '!aCT11U e nJIOTHOCThJO I r/cM
3 

(KaneJih BO.Uhi) rrpw yMepeH

HOM BeTpe B rrpH3eMHOM CJIOe 3TO ycJIOBHe BhlfTOJIHJleTCJI npH fH.LlPO.UHHaMH

'!eCKHX ,llHaMeTpax 40-60 MKM. 

IlopoutKU MOlKHO C'lHTaTb ocalK.UeHHhlMH TBep,llblMH a3p030JIJIMH. I1x xa

paKTepHoe CBOHCTBO - TeKyqeCTh. lfaCTHUhl HeKOTOpbIX rropowKOB, HanpHMep 

aKTHs11posaHHoro yrnll, nopttcThie. Pa3Mepb1 'laCTttU s necKe cocTaBJIJIJOT 

0,02- 2 MM, B flhlJil1 - 2-20 MKM, a B rry.upax - eme MeHbWe. 

CycneH3UU - .u11cnepcHb1e CHCTeMhI, s KOTOphIX .u11cnepc110HHaJ1 cpe.ua 

lK11.UKall, a .uwcnepcHall <fia3a TBep.uall. Hx MOlKHO Ha3hIBaTh B3BeCllMH nopow

KOB s lK11.UKocrnx. B rpy6h1x cycrreH3HllX pa3Mep '!aCTttU rrpesh1waeT I 00 MKM, 

B TOHKl1X COCTaBJIJleT 0,5- 100 MKM, B MYTllX - OT 100 HM ,llO 0,5 MKM. B 30JIJIX 

(HCTl1HHO KOJIJIOH,llHhIX pacrnopax) pa3Mep '!aCTHU MeHee 100 HM. 

IleHbl - ra30Ball .LlHCnepcHall <fia3a B lKl1.LlKOH .u11crrepCHOHHOH cpe.ue. 

B co6cTBeHHO neHax co.ueplKaHtte ra3osoi1 <fia3hI cocTaBJilleT He MeHee 70 % 
no o6beMy. Pa36asJieHHhie rreHhI Ha3hIBaJOT 2a3oeb1Mu 3MynbCUflMU. BalKHOH 

xapaKTep11CTl1KOH neHbl JIBJIJleTC.sI ee KpaTHOCTh, KOTOpall pasHa OTHOWeHHIO 

o6beMa rreHhI K o6beMy lKtt.UKOCTH s Hett. B rrettax ra3osh1e ll'lettKH pa3.ue

JieHhI ITJieHKaMH .LlHCnepCHOHHOH cpe.Ubl. 51'leHKH o6pa3yJOT KOHTaKThl e 

.upyrHMl1 l!'lettKaMH, 11 wx <fiopMa 3as11c11T OT 'lttCJia coce.uei1 . B cpe.uHeM 

'll1CJIO rpaHHU pasHo 14. Pe6pa TaKoro MHororpaHH11Ka - 3anoJIHeHHhie 

.u11crrepc110HHOH cpe.uoì1 Ka1-tanb1 Tu66ca-Ilnamo. )[{_ IlJiaTo noKa3aJI, 'ITO s 

O,llHOM KaHaJie MoryT CXO,lll1ThC.sI TOJihKO Tptt nJieHKl1, pacnoJIOlKeHHbie rro.u 

yrnaM11 s 120°. B BhICOKOKpaTHhIX rrettax nosepxHOCTb KaHaJia 6JIH3Ka K 

U11JI11H.UpH '!eCKOH . 

.ll,wcrrepcHhie CHCTeMbl e )!(11,llKOH .LlHCnepCHOH <fia30H H lKH,llKOH .u11crrep

CHOHHOH cpe.uoi1 Ha3hIBaJOTCJI 3MYHbCUflMU. IlpH 3TOM pa31IJ14aJOT .usa Tl1na 

3MYJihCHH: eCJil1 6oJiee nOJillpHa.sr lKH.LlKOCTb 06pa3yeT .u11crrepCHOHHYJO cpe.uy, 

a MeHee noJillpHall - .u11cnepctty10 <fia3y, TO JMYJihCHll Ha3brnaeTCll npRMoìì. 

B rrpoTwsorroJIOlKHOM cJiyqae 3MYJihCl1ll Ha3hIBaeTcll o6pamHou. Jlwo<fio6Hhie 

3MYJihCl111 noJiyqaJOT, KaK rrpaBl1JIO, .u11cnepr11posatt11eM O.UHOH lKH.LlKOCTl1 B 

.upyroi1 s np11cyTcrn1111 ITAB . 

.VI36h!TO'!Hall rrosepXHOCTHaJI 3Hepr11ll y .u11crrepCHhlX CHCTeM npHBO.Lll1T K 

pa3Jil1'1HhJM caMonpo113BOJibHhIM npoueccaM, xapaKTeptt3YJ011..111M HeycTOH'll1-

socTh TaKl1X Cl1CTeM. B KOJIJI011.LlHhIX 11 BhICOKO.Lll1CITepCHhlX Cl1CTeMax 3Tl1 npo

uecCbl MOfYT rrpoTeKaTb O'leHb Me.UJieHHO ( COTHl1 JieT). YcTOH'll1BOCTh Cl1CTeM 

cy11..1ecTBeHHO H3MeHJleTCJI nptt .uo6asJieHl1H HOBhIX KOMITOHeHTOB B Cl1CTeMy: 

ycTOH'll1Bbie Cl1CTeMhl MoryT Tepl!Th ycTOH'll1BOCTh, a tteycTOH'lliBb!e - CTa

HOBHTbCJI OTHOCHTeJihHO ycTOH'll1Bh!MH. 
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YcToì1:q11BoCTh )J,HcrrepcHhIX cttcTeM 

A2pe2amu6HQfl Heycmoìiqu60Cmb COCTOHT B nOCTeneHHOM yseJIH'leHHH 

pa3Mepos 'laCTHU )mcnepcHoii cpa3hl, T. e. B YMeHbWeHHH nosepxHOCTHOH 

:rneprHH )lHCnepCHOH CHCTeMbl. 3TOT npouecc MO)f(eT peaJJH30BaTbCll nsyMll 

cnoco6aMH. Mo)f(eT npottcxonHTh yseJJH'leHHe pa3Mepos 3a C'leT CJJHl!HHll '-!ac

THU. 3TOT npouecc Ha3hrnaeTCll KOaJ1eciiem1ueìi. YnenhHall nosepXHOCTHall 

:rneprHl! MO)f(eT yMeHbWaThCll H npH CJJHnaHHH nttcnepCHhlX 'laCTHU e o6pa30-

BaHHeM arperaTOB, B KOTOpblX 'laCTHUhl MOrYT 6bJTh pa3nerreHbl TOHKHMH nrreH

KaMH nttcnepcHOHHOH cpenhl. TaKoìi npouecc Ha3bJBaeTcl! KoazyRRLfueìi. 

Ysentt'IeHHe pa3Mepos '-!aCTHU npttson11T K TOMy, 'ITO H3MeHeHHll noTeH

uttaJihHOH :rneprHH npH HX nepeMe11..1eHHl!X OKa3bIBaJOTCll 3Ha'lHTeJibHO 60JJh

we TenJJOBOH :rneprHH, fi03TOMY Tl!)f(eJJbJe '-!aCTHUhl ocenaJOT, a nerKHe BCCTJlhl

BaJOT (B )f(HnKOH cpene). 3TO l!BJJeHHe Ha3bIBaJOT ceÒUMeHmGL{UOHHOU Heyc

moìiqu60CmblO . 

.ll:BH)f(eHHe 'laCTHU B nttcnepCHOHHOH cpene onpenenl!eTCll 6anaHCOM CHJI 

Tll)f(eCTH, conpoTHsrrettm1 11 c11rrb1 Apx11Mena. Cttna, npttson llll.lall K cen11MeH

Tau1111 ( ocenaHHJO HJIH BCCTJlbIBaHHJO ), paBHa 

4 3 
fs = -trr gD.p, 

3 

me 11p - pa3HOCTh fiJIOTHOCTeH nttcnepCHOH cpa3bl H nucnepCHOHHOH cpenhl, 

r - panttyc 'IaCTHUhI. ITptt naMHHapHOM o6TeKaHHH (Re < I), cttna conpOTHB

neHm1 nBH)f(eHHJO 'laCTHUhl paBHa 

• fv = 6TCrlJV - nnll ccpeptt'IecKHX rnepnbIX '-!acrnu; 

31Jd + 21J 
• fv = 2TCrlJV - nrrll KaneJib (1Jd - HX Bll3KOCTb) - ypaBHeHHe 

'ld + '7 
AnaMapa- Pb16'IHHCKoro; 

• fv = 4trr!JV - nnll scnnhrnaJ011..111x ny3hlpbKOB (s neHe) . 

;lJ,JJll TBepnblX 'IaCTHU MO)f(HQ fiOJIY"HTh Bblpa)f(eHHe nnll CKOpOCTH ocena

HHll B BHne 

2 
2 gr D.p. V=-

9 '7 

PacnpeneneHHe nttcnepcHhIX 'laCTHU no Bh1c0Te onpenenl!eTCll cen11MeHTa

UHOHHo-m1cpcpy3HOHHhlM paBHOBeCHeM . IJJJOTHOCTb nOTOKa cenHMeHTaUHH pasHa 

js = nv, 

rne V - CKOpOCTb cen11MeHTau1111, n - KOHUeHTPaUHll 'IaCTHU. IJJJOTHOCTh 

nucpcpy3HOHHOro fiOTOKa onpenem1eTCll nepBbIM 3aKOHOM <l>HKa: 
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dn 
io= -D dx ' 

r.r:1e D - K03cpcjrnuMeHT JlMcpcpy3MM. 

B CTaUMOHapHOM COCT051HJ.IJ.I IlOTOKJ.I paBHbl, Il03TOMY 

Vg6.p 
---x 

n = n0e kT 

~ 
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rne V - o6beM qacTMUhI, n0 - KOHUeHTpaUJ.15! qacTHU Ha Hy11eBoì1 BbICOTe, 

X-Bb!COT3. 

)],1151 a3p03011eì1, cycneH3 HH J.I 3MY11bCJ.IH yKpynHeHMe lJaCTHU MO)!{eT 6bITb 

06yc110B11eHO 51B11eHHeM U30mepMU'leCKOÌÌ nepe201-1KU. ::ho 51B11eHHe CB513aHo e 

TeM, lJTO M36bITOlJHa51 IlOBepxHOCTH351 3HeprH51 npHBO.LIHT K yBe11MlJeHHIO XH

MHlJeCKOro IlOTeHu11a11a Ma11bIX lJaCTHU no cpaBHeHHIO e 6011bWHMH, Il03TOMY 

B03HHK3eT nepeHOC BeruecTBa OT Ma11b!X lJ3CTHU K 6011bWHM . 3To 11erno BH)leTb 

Ha np11Mepe Kane11b TyMaHa: 

p o p o 
( ) O ( ) J 8µw O ( ) J 8 8Gw µw P,T,n =µw T,n + -dP=µw T,n + ---dP = 

0 8P 0 8P on 
p p 

P a ac0 P av0 P av0 

=µ~(T,n)+ J __ w dP=µ~(T,n)+ J-dP=µ~(T, n)+ J-dP= 
0 on 8P 0 on 0 on p p p 

p 

= µ~( P0 ,T,n )+ J v dP = µ~ ( P0 ,T,n )+v( P -P0
) = µ~ (P0 ,T ,n )+v 

2
u , 

p o R 

- o - -r.r:1e µ w - XHMJ.llJeCKJ.111 IlOTeHUHaJI BO.Libi, µ w - CTaH.[lapTHblJ.I XJ.IMHlJeCKHH 

noTeHuJ.1a11 BOJlhI, G~ - cTaHnapTHaH cBo6onHa51 3Heprn51 fM66ca )J,1151 BO.Libi, 

P - naB11eHHe BHyTpH Kan11M, P0 
- BHewttee naB11ett11e, R - pan11yc Kan11J.1 , 

a - K03<iicpHUHeHT noBepXHOCTHOro Harn)!{eHJ.151, V° - CT3H.[lapTHb!H M011bHblH 

06beM BO)lbl, V - napUH311bHblH M011bHb!H o6beM, n - KOHUeHTP3UJ.151. 

KoarymIUJ.151 3011eì1, co.r:1ep)!{aruMx 3ap51)!{eHHbie .r:111cnepCHh1e qacTHUhI, 

npOMCXO.LIMT npM no6aB11eHHJ.I K CJ.ICTeMe 311eKTp011HTa (Koary1151UM!O Bbl3h!BaeT 

HOH, HMe!OIUMH 33p51.LI, npoTHBono11o)!{HhlH no 3HaKy 3ap51.LIY .LIMCnepCHhlX qac

THU). TipM 3TOM cyruecTByeT nopoz Koazyll.fl!JUU, T. e. 311eKTp011J.IT .Ll011)!{eH npM

CYTCTBOBaTb B KOHUeHTpaUHM , He MeHbWeH HeKOTOpOH KpMTJ.llJeCKOH KOHUeH

TpaUHH, onpe.r:1e115!eMOH CBOHCTBaMM .LIMCnepCHOH cpa3bl H 311eKTp011HTa. 

)],1151 KOary115IUHJ.1 Heo6XO.[IJ.IMO CT011KHOBeHHe no Kpaì1Heì1 Mepe .LIBYX 

.LIHCnepcHblX lJ3CTHU. TipH T3KHX CT011KHOBeHJ.151X B03M0)!{Hhl .LIB3 HCXO.[la : 11J.l-

6o Ka)!{.[IOe CT011KHOBeHMe Be)leT K C11MnaHMIO lJaCTMU (6b1cmpaR KOaZyflRZJUR), 
m160 C11MnaHMe npoHCXO.LIJ.IT He npH K3)!{.[10M CT011KHOBeHHH (MeÒJJeHHGR KOa
ZYllfl. lJUR) . 
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Ilp11 KOarym1u1111 KOHUeHTpau11H )(HCnepCHbIX l.J3CTl1U yMettbwaeTCH . .[l,JJH 

6hICTpoì1 KoaryJJHUHH MO)f(HO 33IlHC3Tb ypastteHHe )(JJH CKOpOCTH peaKUl111 BTO

poro nopH)(Ka: 

dn = -kcn2' 
dt 

r)(e kc - KOHCT3HT3 CKOpOCTH KoaryJJHUHH, n - KOttuettTpau11H scex l.J3CTHU. 

ECJJH t - BpeM51 nocne ttat.IaJia KOaryJIHUHH, TO KOHUeHTpau11H 43CTHU pastta 

no 
n = 1 + kcnot 

B COOTBeTCTBHH e Teop11eì1 CKOpOCTeì1 peaKu11ì1 KOHCT3HTa CKOpOCTH MO

)f(eT 6bITh 3an11catta s BH)(e 

- /',.Ea 

kc = 4;r DRKe RT , 

r)(e D - Kmrjlqrnu11eHT )(mprjiy31111, R - paccTOHHHe MHHHMaJibHO c6JI11)f(ett11H 

qacTHU, K - cTep11qecK11ì1 Ko3<P<P11u11ettT, yt.I11Thrna10IU11ì1 op11eHTau1110 qac

THU np11 CTOJIKHOBeHHH, 11Ea - 3HeprHH 3KTHB3UHH npouecc CJIHHHH51. 

IlpH 6bICTpoì1 KoaryJIHUHH 3HeprH51 3KTl1B3UHH paBHa ttymo H CJI11natt11e 

tte 33Bl1CHT OT B3311MHOH op11ettTau1111 '-!3CTl1U, TI03TOMY KOHCTaHTa CKOpOCTH 

pastta kc = 4;rDR . 

3neKTpOKHHeTHqecKHe 

H 3neKTpoKarmnmipHbie 5IBneHH5I 

IlpH a,1:1cop6u1111 3ap51)f(eHHb!X qacTHU H36bJTOK nosepXHOCTHOH 3Hepr1111 

33Bl1CHT OT TIJIOTHOCTH 33p51,1:13 11 CK34Ka 3JleKTp11qecKoro noTettu11aJJa Ha rpa

Hl14HOH nosepxttocT11. B 3TOM cnyqae B (2.6.1 O) BMecTO x11M11YecKoro n0Tett

u11ana CJJe)(yeT 11CTIOJJb30B3Tb 3JJeKTpOXl1Ml1YeCKl1H noTeHuHaJJ Jt; = µ; + z;F rp, 

r)(e <p - 3JieKTp11qecK11ì1 n0Tettu11an, F - q11cno <l>apa)(eR, Z; - sanettTHOCTh 

HOHa. Pa6oTa 33p51)f(eHJ.rn Me)f(rjl33HOH nosepXHOCTH COOTBeTCTByeT yMeHbllie

HHIO nosepxHOCTHOH 3Hepr1111. Yl3MeHeHHH 3JieKTpOXl1MH'-!eCKOro noTeHu11aJJa 

TOJJhKO 3a cYeT 3JJeKTp11qecKoro noJJH - d Jt; = z;Fdrp. Tor)(a 113 (2.6.1 O) 

HMeeM: 

da" -( ~r;dµ}( ~r;z;F )dw"-(~r;dµ}p,d~" (2.6.14) 

r)(e Ps - nosepxttocTttaH nJIOTHOCTh 3apH)(a. 
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ilOJI}"-leHHOe ypaBHeHHe Ha3bJBaeTCH ypaeHeHUe.M </JpyMKUllll . 113 Hero npH 

ycJIOBHH, 'ffO 113MeHeHHe noTeHU11aJia He npHBO.Ill1T K H3MeHeHHIO XHMHl.!eCKHX 

noTeHUHaJIOB KOMnoHeHTOB (dµ; = O), nOJIYl.!aeTCH nepeoe ypaeHeHue JlunnMaHa: 

da-
- = - p. 
d<p s 

lJ:mpcpepeHI.\HPYH 3TO cooTHowettHe, nOJIYl.!HM emopoe ypaeHeHue JlunnMaHa: 

d2a- - dps - e 
d<p2 - - d<p - - s' 

rne C, - ynenhHaH nmp<f>epettu11anbHaH eMKOCTh lJ:3C Ha Me)!(<f>a3ttoì1 rpatt11ue. 

4aCTb ll:3C Ha rpaHHUe Cl1CTeMbl TBepnaH <f>a3a - pacrnop, HaXO.IlHIJ.(aHCH 

B )!(H.IlKOH <f>a3e, 3apH)!(eHa H nO.IlBH)!(Ha, n03TOMY rrp11 HaJil1'I11H TaHreHuHaJib

HOH COCTaBJIHJOllleH 3JieKTPl1'IeCKOf0 nOJIH B03MQ)!(H0 .IlBH)!(eHHe paCTBOpa 

B.IlOJib nosepxttocT11 pa1nena <f>a1 - :JJZeKmpoKanwumpHoe melfeHue. 
113 fH.IlPO.IlHHaMH'IeCKOro ypaBHeHHH 3iinepa B rrpH6JIH)!(eHHH HeC)!(H

MaeMOH )!(11.IlKOCTH B 0.IlHOMepHOM CJ1Yl.!ae HMeeM: 

d 2u 
17 ~2 = p(x)E 

dx , 

rne ,., - B513KOCTb, u - CKOpOCTb Tel.feHHH, p - o6beMHa51 ITJIOTHOCTb 3ap5!.Ila, 

E - HanpmKeHHOCTb 3JieKTP111.1ecKoro noITT. l1crronh3YH .IlJIH nnoTHOCTH 3apHna 

ypasHeH11e DyaccoHa, noJlYl.!aeM CBH3b Me)!(.Ily noreHuHanOM 11 cKopocTbJO TeYeH1151: 

d 2u d 2rp 
17-- = -u0E--. 

dx 2 dx2 

CYHTaH, l.fTO noTeHu11an, HarrpH)!(eHHOCTb H rpan11eHT CKopoCTH 06pa111a

JOTCH B HYJib Ha .IlOCTaTOl.fHOM ynaneHHH OT Me)!(<f>a3HOH rpaHHUbl, ITOJIYl.fHM : 

u 0 E 
U (X) = - -( <p ( b5 )- <p (X)) ' 

T/ 

rne 1\ - paccTOHHHe, Ha KOTopoM CKopocTb 06pa111aeTcH B HYJib. BenwrnHa 

qi( 55 ) = ( Ha3brnaeTCH ()3ema-nomem1uaJZOM, HJIH :JJZeKmpoKuHemu<JeCKUM no

mem4ua110M, 11 npencTaBJIHeT co6oì1 n0Tettu11an nnocKOCTH CKOJib)!(eHHH np11 

.IlBH)!(eHHH nnocKoì1 rrosepxHOCTl1 pa3nena B pacTsope. CKopocTb 

u(x) = _ &&oE( 
T/ 

npencTaBJIHeT co6oii CKOpOCTb :rneKTpOOCMOTHl.feCKOfO CKOJlb)!(eHHH snan11 OT 

nosepxHOCTH TBepnoro Tena. 
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5IBJieH11e, o6paTHOe :rneKTpoKaITHJIJIJipHOMY TeqeH1110, Ha3bIBaeTCJI 3JleK

mpocj.Jope30M 11 COCTOHT B )lBH)!(eHHH KOJIJIOH)lHhIX qacTHU B 3JieKTp11qecKOM 

ITOJie. 3JieKTPOcpope3 CHJihHO 3aBHClfT OT pa3Mepos lfaCTlfU. 

B ccpeptt'-!eCKOH ClfCTeMe KOOp,llttHaT (r, 8, <p) C Ha1-IaJIOM B ueHTpe ccpep11-

qecKOH 1-IaCTHUhl ITOJie CKOpOCTeH HMeeT BH)l 

[ 
R R

3
] [ R R

3
] ur =UcosfJ 1-2a-;-+2b? , ue =UcosfJ 1-a-;-+b? , 

r,Ue R - pa,U11yc qacTHUhI, U - cKopocTh ee )lBH)!(eHHJI . 

Cq11TaJI, qTo pa3Mepb1 qacTHUhI MHoro 6oJihrne TOJIIUHHhI .LJ:3C, )lJIJI CHJihI 

corrpOTHBJieHHJI lfMeeM: 

F,, = 8n:a17RU . 

.Il:JIJI cTau110HapHoro )lBH)!(eHHJI )!(H)lKOCTH BhIITOJIHJieTCll ypasHeH11e CToKca: 

17~u-VP=O . 

0603Haq11B ITOTeHuHaJibl BHyYp11 H BHe qacTHUhl </Ji H </Je COOTBeTCTBeHHO, 

ITOJiyqHM ypaBHeHHJI IlyaccoHa B BH)le V 2rp; =O, V 2rpe =o . .Ll:Jill rrpOBO)l51I.UeH 

ccpepbl B rrpoBO)lJII.UeH )!(H)lKOCTH BO BHeWHeM ITOJie e Hanpll)!(eHHOCThlO E Bhl

pa)!(eHirn )lJIJI ITOTeHuHaJIOB HMelOT BH)l (flaHiJay Jl. ,[(. ' Jlucj.JutUlj E. M. 3JieKTp0-

)lHHaMHKa crrJIOWHhIX cpe,U. 4-e 113,ll., cTepeoT. Il TeopeT11qecKall cp11311Ka: Yqe6. 

rroco6. )lJIJI ByJOB. B 10 T. T. VIII. M .: <Dl13MATJ1l1T, 2005. 656 c .): 

y -y 3 (Er) 
<fJe = e i R -3--(Er)+rpo , 

2ye +Y; r 

<pi= ~(Er)+<fJo , 
2ye + Y; 

me Ye 11 y; - rrpoBO)llfMOCTlf pacrnopa 11 qacTHUhI, <p0 - rroTeHu11aJI B ueHTpe 

qacTHUbl. fpaHlfqHbie ycJIOB1151 MO)!(HO B351Th B Blf)le 

urlr=R =O, uelr=R = 
&&oEes 

17 

ffoS 3ye 

17 2ye + Y; 

CYMMa CHJI, ,Ueiicrny10ru11x Ha qacT11uy, )lOJI)!(Ha 6bITh paBHa HYJIJO. Tor,Ua 

peweH11e 11MeeT Blf)l 

&&os 2Ye E. 
Vef = -17 2ye + Y; 

Qqes11,UHO, rrp11 y;>> Ye cKopocTb 3JieKTpocpope3a CTpeM11TCll K HYJIIO . 
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~llil 4aCTl1U, pa3Mepbl KOTOpb!X ropa3,LIO MeHbllle T0Jlll.111Hhl ~3C, CKO

pOCTh ::rneKTpocpope3a He 3aBl1CHT OT npOBO,LIHMOCTl1 cpe,Llbl 11 CBOHCTB 4aCTl1U 

11 on11Ch1BaeTCll ypaBHett11eM: 

U 
2u; r 

ef = __ O'=> E. 
T/ 

~Jlll 4aCTl1U npoMe)l(yT04Hh!X pa3MepOB pac4eTbl CTaHOBl!TCll ropa3,LIO 

CJIO)l(Hee. 

2. 7. OcttOBbI TepM0~11HaMHKI:I 

Heo6paTI:IMbIX rrpou:eccoB 

K.rracc114ecKal1 TepMO,LIHHaMHKa paccMaTPHBaeT MaKpOCKon114ecK11e Cl1CTe

Mhl B COCTOllHHH paBHOBeCl15! HJil1 )l(e B03MO)l(HbJe nepeXO,Llhl Me)l(.Lly paBHOBec

HhIMH COCTOllHl15!MH CHCTeMbl. B 3TOM CMhICJJe paBHOBecttall TepMO.LllIHaMHKa llB

meTCll TepMOCTaTliKOH - HaYKOH o B03M0)1(H0CT5!X H pe3yJihTaTax npeo6pa30Ba

Hl15! 3Hepr1111, KOTOpall He paCCMaTPl1BaeT TPaeKTOpm-1 .LIBl1)1(eHl15! CHCTeMbl. 

TepMO.LIHHaMHKa .naeT noJJttoe KOJJl14ecTseHHoe on11catt11e o6paTHMhIX 

(KBaJHCTaTH4eCKHx) npoueccos, a .LIJ!ll Heo6paTHMhIX npoueccos ycTattasn11sa

eT JJl1lllh onpe.neJJeHHhie HepasettCTBaMH rpaHHUhI 11 yKaJhrnaeT Hanpasnett11e 

11X npoTeKaHHll. JluHeÌÌHafl mepMOÒUHGMUKa HepaeHoeeCHblX (Heo6pamUMb1X) 

npoi1eccoe 113yqaeT xo.n npoueccos s cocTOllHHllX, tte3tta411TeJJbHO OTJJ114aJO

m11xcll oT pasttosectthIX. YcJJOBHeM )l(e caMooprattH3au1111 B c11cTeMax l!BJJlleT

cH HX y.naneHHOCTh OT COCTOllHHll paBHOBeCHll. 

06uiee ceoìicmeo ecex Heo6pamUMblX npoiieccoe: 3Tl1 npouecchI npoTe

KaJOT B TepMO,LIHHaMH4eCKl1 HepaBHOBeCHOH CHCTeMe, H B pe3yJJhTaTe 3THX 

npoueccos 3aMKHyTall CHCTeMa np116JI11)1(aeTCll K COCTOl!HHJO TepMO,L111HaMH4e

CKOfO paBHOBeCl1ll. 

B COOTBeTCTBHH CO BTOpblM Ha4aJJOM TepMO,LIHHaMl1Kl1 npH nepexo.ne 1130-

JJHpOBaHHOH CHCTeMbl 113 0,LIHOro COCTOllHHll B .npyroe 3HTP0f1Hll Cl1CTeMbl JJH6o 

yseJil14HBaeTCll, JJ1160 OCTaeTCll HeH3MeHHOÌ1, T. e. rrp11 npOXO)l(,LleHHH KaKl1X

JJH6o npoueccos B H30JIHpOBaHHOÌ1 Cl1CTeMe 3HTpOnl1ll He y6hrnaeT. B HeH30-

JJHpOBaHHb!X CHCTeMax 3HTpOnl1ll MO)l(eT H B03pacTaTb, 11 y6hIBaTh, 11 OCTa

BaTbCll HeH3MeHHOH. B H30JIHpOBaHHOH CHCTeMe 3HTpOnl1ll MO)l(eT OCTaBaTbCll 

~ieH3Mettttoì1 JJHWh s cnyqae o6paTl1MhIX npoueccos. Ilp11 tteo6paTl1MhIX npo

ueccax OHa B03pacrneT. CKopoCTh H3MetteH11ll 3HTporr1111 CJ = dS/ dt tta3hJBaeT

Cll npou3eoòcmeoM 3Hmponuu. 

11. P. IlpHro)l(HH (6eJJhrnì1cK11ì1 cp113HK, po.n. s 1917 r. B MocKBe, Ho6enes

CKall npeMHll no XHMHl1 1977 r.) B 1947 r . ccpopMyJIHpOBaJI 0.LIHY 113 Ba)l(Heì1-

WHX TeopeM TepMO.LIHHaMHKH HepaBHOBeCHbIX npoueccos: 
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npi-i BHeWHHX YUJOBH5lX, npenHTCTBYIOW,HX AOCTH>KeHHIO paBHOBernH rncreMOCi , 

CTaU,HOHapHOMY COCT05lHHIO coornercrnyer MHHHMYM np01113BOACTBa 3HTpomrn. 

Ecn111 TaKHX npenHTCTBHCi HeT, npOH3BOACTBO 3HTpOnHH AOCTHraer rnoero a6co

JllOTHOro MHHHMyMa - HYllll . 

3aMeTl1M, '-ITO yrsep)f(,neH11e cnpaBe)J.Jil1BO TOJibKO .Limi CTau,110HapHblX yc

JIOBJ1Ì1. 

Ecntt B 1130JittpoBaHHOH Cl1CTeMe 3HTpOTIJ1ll B03pacraeT 11 crpeMttTCll K CBO

eMy MaKCHMaJibHOMY paBHOBeCHOMY 3Ha'-!eHHlO, a npOH3BO)J.CTBO 3 HTpOTIJ111 - K 

HYJIIO, TO B OTKphIThIX c11creMax cttryauttll cymecrneHHO mMeHlleTCll. Cpe.L111 B03-

MO)f(HhIX COCTOl!HttH OTKpblTOH CHCTeMbl Ba)f(HeHIIIYlO pOJib HrpalOT crau110Hap

Hhle cocTOllHHll. CmaiiuouapHoe cocmoJmue s o6w.eM cnyqae xapaKTepmy10rcll 

cymecTBeHHblMH )J.Jlll Cl1CTeMhl BeJil1'-111HaMH, He H3MeHll!OW.HMHCll CO BpeMeHeM, 

HO 3aBHCllW.HM11 OT npocrpaHCTBeHHblX KOOp,UHHaT (npOCTeHWHM npHMepOM CTa

UttOHapHOH CHCTeMbl MQ)f(eT CJI~l1Tb TIOTOK Bll3KOH )f(H,UKOCTl1 B rpy6e) . 

Cyrh no.nxo.na K on11caHl1!0 HepaBHOBeCHb!X CHCTeM COCTOl1T B npe.ncTaB

JieHH11 TIOJIHOro 113MeHeH11ll 3HTpOTIHH dS B BH,Ue CJ'MMbl 

dS = diS +deS, (2.7.1) 

r.L1e d;S - H3MeHeH11e, o6ycJIOBJieHHOe npoueccaMtt BHyrpH Cl1CTeMhl, a d,,S -
H3MeHeHtte 3a C'-leT o6MeHa sew.ecrsoM 11 3Hepr11ett. e BHewHeif cpe.nott.. 3ro 

n03BOJilleT pacc'-IHTbJBaTb 6anaHc sew.ecrsa 11 3HeprHH B pa3Jil1'-!HhlX cna6o He

paBHOBeCHhlX cj>H3HKO-X11MH'-!eCKHX CHCTeMax. 

06~HH BHJJ: ypaBHeHH51 6aJiaHca 

Tiycrh A - 3KCTeHCHBHoe csoH.crno c11creMb1, a a= dA/ dV - ero o6b

eMHall nJIOTHOCTh. Bbr,nenttM MaJiyIO TIO.LICHCTeMy e o6beMoM V 11 rrnow.a,nb!O 

nosepxHocr11 S. TioTOK A qepe3 3JieMeHT rrosepxHOCTH dS o6o3Ha'-!11M J A , 

rrpo113so.ncrso A BHYTPH no.nc11creMbI - PA. Toma .UJill cKopocr11 113MeHeH11ll A 
B 06beMe V HMeeM O'-!eBH,UHOe COOTHOWeH11e: 

~fa dV = f PA dV -p(J A ·dS ) . 
at V V S 

I1p11MeHHB reopeMy Ocrporpa.ncKoro, 3TO ypasHeHHe MO)f(HO 3arr11caTb B BH.Lle 

f ( aa - PA + divJ A ) dV = 0 , 
V 8t 

OTKy,na B CHJIY npOH3BOJlbHOCTH BbJ6opa 110,UCHCTeMbl cne.nyeT, '-ITO 

aa + divJ A = PA . 
ar 

(2 .7.2) 
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H3MeHemrn MaCChI, :mepn-111 11 3HTporrn11 

OTKpbITOH CMCTeMbl 

203 

B OTKphITOH Cl1CTeMe 113MeHeH11e MaCChl MO)!(HO TaK)!(e npe)lCTaBl1Th B Bl1-

.ue dm = dim + dem , e npe)!(H11M CMhIClIOM o6o3HaqeH11i1. J13MeHeH11e Macc 

KOMDOHeHTOB Cl1CTeMhl 3a cqeT BHyrpeHHl1X npoueccos B03M0)!(H0, ec1111 B 

c11cTeMe npoxO)l51T x11M11qecK11e peaKu1111. 06o3Haq11s qepe3 r HOMep peaKu1111, 

MO)!(HQ 3an11caTb B COOTBeTCTBl111 e (2 .2 . 1 a): 

d;n; = LV;rd!;r, (2.7.3) 

r 

r.ue V; r - CTex110Merp11qeCKl1H K03cpcp11u11eHT j-ro KOMDOHeHTa B r-ii peaKl.(1111 . 

B 3aKphITOH c11cTeMe L v1rM J =O, no3TOMY 

j 

dm= Ldemj , 
j 

r.ue m1 - Maccaj-ro KOMnoHeHTa. 

(2.7.4) 

PaccM0Tpem1e 6a11aHca 3Hepr1111 Ha ocHoBe nepBoro 3aKoHa TepMo)l11Ha

M11K11 e yqeTOM IlOTOKOB Bew:ecrna qepe3 rpaH11uy Cl1CTeMhl np11BO)ll1T K 06-

w:eMy COOTHOllleHl1IO )l~ 113MeHeHl1H K01111qeCTBa Te!llIOThl B .usyx IlO)lCl1CTe

Max (l-i1 11 2-i1) B BH)le 

-d/Q1 +-d/Q2 =o. 
Ec1111 B 11301111poBaHHOH c11cTeMe I BhI)le1111Th mo6y10 3aKpbITYIO no.uc11c

TeMy 2, TO Bcer.ua di SI =di SI I + diS2 ' r.ue d;S1 I - 113MeHeH11e 3HTpon1111 Cl1C

TeMhl I 6e3 yqern no.uc11cTeMhI 2. )J,1151 Ka)!()lOro qlieHa npaBoi1 q acT11 3Toro pa

seHCTBa MO)!(HO 3an11caTh Bb1pa)!(eH11e Tl1Ila (2 . 7 . 1 ) , O)lHaKO He cyw:eCTByeT cp11-

311qeCKl1X npoueccoB TaKHX, qrn6b1 diSI 1 > O, diS2 < O , HO O)lHOBpeMeHHO 

d;S1 > O. 3To JIOKaJlbflafl rjJopMy!lupo6KQ 6mOp020 3QKOHa mepMOÒUHQMUKU )l1151 

HepaBHOBeCHhlX Cl1CTeM. 

X11M11qecKoe cpo,r:i;CTBO. Ilpo113so,r:i;cTBO 3HTporrn11 

)],1151 KBa311pasHOBecHoro npouecca B 3aKpbzmoìi cucmeMe np11 nocT051H

HhIX T 11 P MO)!(HO 3am1caTh: dG = Lµ;dn1 . I1o.ucrnBJ:IB c10.ua (2.7.3) 11113Me

J 

Hl1B nopH)lOK cyMM11posamrn, no11yq11M : dG = - L Ard !;r , r.ue r - HOMep pe-

r 

aKU1111 11 
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Ar =-'Lµjvjr 
j 

(2.7.5) 

- XHMHLleCKOe cpO)lCTBO. Ifa OCHOBHOfO TepMO)lHHaMHLleCKOfO TO)!()leCTBa 

TdS = dE + PdV - Lµ1dn j nony1rneM, LITO 

j 

dS = -ciQ + " Ar d ~ . 
T L.. T ':Jr 

(2 .7.6) 
r 

B 3TOM ypasttett1111 nepBbIH 1rneH B npasoì1 LlaCTH coorneTcrnyeT Tenno

o6Metty c OKpy)!(eHHeM, I103TOMY deS = -ciQ/T ' a BTOpoì1 LIJieH o6ycJJOBJieH 

caMonp0113BOJibHblMl1 (Heo6paTHMbIM11) XHMHLleCKHMH peaKUHHMH B 3aKpblTOH 

CHCTeMe, T. e. COOTBeTCTByeT d;S. 
B OTKpblTOH CHCTeMe 113MeHeH11e 3HTPOI111H )lOJI)!(HO 6b!Tb 3an11ca HO B BH)le 

[
-rfeQ "µj ] [" Ar ) dS=deS+diS= T_7Tdn1 + 7'rdç'r , (2 .7.7) 

me nepBbIH LIJieH B npaBOH L1aCT l1 COOTBeTCTByeT d,,S, a BTOpoì1 - d;S. 
B o6meM cnyL1ae (CM. pa3)leJI 2.1) 

dS = -ciQ + "((Fk )- Fk) 
T f T dxk , 

me Fk - 0606metttt&1e c11nh1, a xk - corrpH))(eHH&J e c HHMH 0606metttt&1e 

TepMO)ll1HaMHLleCKl1e KOOp)lHHaTbl. ITptt IIOCTOHHCTBe HHTeHCHBHblX BeJIHLIHH 

OTCIO)la CJie)lyeT CJie)ly10mee Bbipa)!(eHHe )lJIH CKOpOCTH 113MeHeHl1H 3HTpOIIHH: 

dS = deS + diS = _!_ -ciQ + L((Fk )- Fk j\ dxk . 
dt dt dt T dt k T dt 

(2.7 .8) 

· Cpastt11BaH (2.7. 7) 11 (2. 7 .8), MO))(HO 3aKJIIOL111Th, LITO sen11L111Ha npo113BO)l

CTBa 3HTporr1111 BHYTPH c11cTeMbI (o) scema 11MeeT BHil 

- dS = LXkJk' 
(J - dt k 

(2.7.9) 

f)le Xk - o6merrpHHHTOe 0603HaL1eH11e 0606ll(eHHblX TepMO)lHHaMl1'IeCKl1X 

CHJI, a Jk - o6o6meHHbIX CKopocTeH (TepMO)ll1HaM!1'IeCKHX TIOTOKOB) . ITo

CKOJibKY Bb16op CHJI 11 ITOTOKOB B 3HaLIHTeJibHOH Mepe rrp0113BOJieH, a rrpOH3BO)l

CTBO 3HTpOI111H He )l0Jl))(H0 3aBHCeTb OT 3TOfO BbJ6opa, TO rrp11 rrepexo)le OT Ha-

6opa (Xk>Jk) K (Xk,Jk) HMeeM: LXkJk = 'LXA:JA: 
k k 
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JhrneH.Hoe rrpn6111n1<emie 
B HepaBHOBeCHOH TepMO,Il;HHaMHKe 

B pasHosecHOM cocTO.SIHHH Xk=O H Jk=O. B o6meM crryqae rroTOK KaKoì1-

rrH6o BeJIHlJHHhl 3aBHCHT OT scex o6o6meHHblX CHJI. 0.uHaKO rrpH He60JiblllHX 

.OTKJIOHeHH.SIX OT paBHOBeCH.SI MO)f(HO orpaHHlJHTbC.SI JIHHeHHhlM npH6JIH)f(eHHeM 

K 3TOH 3aBHCHMOCTH: 

Jk = "'f..LkJXJ' 
j 

(2.7.10) 

r.ue lkJ - TaK tta3brnaeMbie rjJeHOMeHonozu<JecKue Ko:JrjJ(/Ju11ueHmb1. ITpH 3TOM 

K03cpcpm.1HeHTbl e COBITa,Ua!OlllHMH HH.UeKCaMH COOTBeTCTBYIOT ((lJHCTblM» rrpo

lleCCaM, TaKHM KaK .umpcpy3H.SI, 3JieKrpOIIpOBO.UHOCTh, TerrrrorrpOBO.UHOCTb H T. rr., 

a OCTaJibHbJe K03cpcpttllHeHTbl COOTBeTCTBYIOT B3aHMHOMY BJIH.SIHHIO rrpol.leCCOB 

.upyr Ha .upyra - B3aHMO,UeHCTBHIO ITOTOKOB. 

B ycrrOBH.SIX, Kor.ua crrpase.urrttso rrttHeiittoe rrptt6Jitt)f(etttte, rrpoH3BO.UCTBO 

3HTpOIIHH e yqeTOM (2.7.9) H (2 .7.10) MO)f(eT 6h1Th 3aITHCaHO B BH,Ue 

a= "'f..LJkXJXk . 
jk 

(2.7.11) 

fIOCKOJihKY rrpOH3BO,UCTBO 3HTpOIIHH HeOTPHllaTeJibHO, ,UJI.SI crryqa.SI .usyx 

CHJI H ITOTOKOB HMeeM: 

a= x,JI +X2J2=Li1X? +(L12 +l21 )X1X2 +L22Xi;::: o. 

Ifa KpHTeptt.SI rrorro)f(ttTerrhHOH onpe.uerreHHocrn 6ttrrHHeiiHoì1 cpopMhI rrorry

tJaeM orpaHttlJeHn.SI Ha K03cpcpttllHeHThJ: l 11 >0, L22>0, (L12 +~i)2 <4l11~2, 
lJTO COOTBeTCTBYeT OIThiry: «co6cTBeHHbie» K03cpcpttllHeHTbl scer.ua ITOJIO)f(HTeJib

Hbl, a K03cpcpHllHeHTbl «B3aHMO,UeHCTBH.SI» Moryr 6b!Tb H OlpHllaTeJibHblMH. 

PaccMoTpeHHe cTallHOHapHbIX cocTO.SIHHH, rrp11so.u.S1mee K TeopeMe ITptt

fO)f(HHa, ITOKa3bJBaeT, lJTO Heo6paTHMbJe rrpOl.leCCbl, rrpOHCXO.U.SILUHe B 3aKpblTOH 

cttcTeMe, Bbl3hIBalOT YMeHhrneHtte rrpoH3BO.UCTBa 3HTporrHH. Crre.uosaTerrhHO, 

COCTO.SIHHe e MHHHMYMOM rrpOH3BO,UCTBa 3HTpOIIHH ycTOH'IHBO: CHCTeMa He 

MO)f(eT Bb!HTH H3 Hero 3a ClJeT caMOIIpOH3BOJihHOro (Heo6paTHMOro) rrpol.lecca. 

CooTHOlllemie B3aHMHOCTH 

Ottcarepa H npHHUHTI Kroptt 

PaccMOTpettHe c!JrrYKTyallHH rrapaMeTpos cttcTeMhT KaK CTallHOHapttoro 

crryqaifttoro rrpol.lecca rrpHBO.UHT K <t>opMyrrttposKe eme O.UHOH Ba)f(HOH Teope

MhI TepMO.UHHaMHKH HepaBHOBeCHbl X rrpol.leCCOB - COOTHOllleHH.SI B3aHMHOCTH 

OH3arepa: 
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B CJly4ae, Kor,D,a oTcyrcrnyeT spali\eH111e rnCTeMbl KaK l..\enoro 111n111 HeT Marn111T

Horo non5l, MaTp1111..\a KVIHern4eCKll1X K03cpcpVil..\VleHTOB B JlVIHeCiHblX 3aKOHax 

CVIMMeTp1114Ha - nepeKpeCTHble BJ1Vi5lHVl5l o6o6U(eHHblX TepMO,ll,V1HaMV14eCKVIX 

CVl!l Ha nOTOKVI 0,ll,VIHaKOBbl: 

l;k = lki· (2.7.12) 

B CJlY'Jae, Kor;::ia Ha CHCTeMy neHCTByeT BHewHee MarHHTHOe IIOJle H HJlH 

CHCTeMa spamaeTC51 e yrnoBOM CKOpOCTbl-0 OJ, 

l;k(H) = lk;(-H), l;k(w) = lk;(- w) . (2.7 . 12a) 

TaKttM o6pa30M, rrp1rneneHHbie COOTHOWeHl151 CHMMeTptt11 ( COOTHOWeHH51 

B3al1MHOCTH) ycTaHaBJlttBaI-OT CB513b MelKny KttHeTttYeCKHM K03cpcpttutteHTOM 

rrp11 TaK tta3bJBaeMbIX rrepeKpecTHbIX rrpoueccax (HanpttMep, MelKny K03rprp11-

u11eHTOM TepMon11cjlcjly31111 11 K03cjlcjl11u11eHTOM ,[{I-Ocjlypa 3cjlcjleKTa, o6parnoro 

TepM0,1lttcpcjly31111). 8 OTCyTCTBl1e MarHHTHOro IIOJUI 11 spameHl151 3TH K03cprp11-

u11eHTbl paBHbl MelKny co6ott, B YaCTHOCTH paBHbl KttHeTttYeCKOMY K03rpcp11u11-

eHTY ,1lJl51 nepeKpeCTHb!X XHMtt4eCKl1X peaKU11M . 

Do51CHHM, o KaK11x B3attMocmnaHHbIX nepeKpeCTHhIX npoueccax 11neT peYb. 

TepMon11cjlcjly3110HHOe conp51lKeHtte BKJJJOYaeT nsa 51BJleHtt51: 

• rpantteHT TeMrrepaTypbl MOlKeT Bbl3bJBaTb IIOTOK semeCTBa B MHOrOKOM

IIOHeHTHb!X Cl1CTeMax - TepM0,1lttcjlcpy3tt51, HJJl1 :JCjxjJeKm Cope; 

• rpantteHT KOHueHTpau1111 MOlKeT Bbl3bJBaTb IIOTOK TeIIJIOTbl - n11cjl cjly311-

0HHblH TepM03rpcjleKT, HJlH 3rjJrjJeKm 1(10</Jypa. 

TepM03J1eKTp11qecK11e 51BJJeHtt51 : 

• nptt HarpesaHJ.111 MeCTa cna51 nsyx MeTaJJJll14eCKHX npoB0,1lHHKOB Ha HX 

KOHuax II051BJl51eTC51 pa3HOCTb 3JleKYptt'leCKHX IIOTeHUl'IaJlOB (TepMorrapa) -

3rjJrjJeKm 3ee6eKa; 

• BbJ,1leJ1eH11e 11Jll1 IIOrJlOIUeHHe TeIIJlOTbl B rrpoB0,1lHHKe e TOKOM, B,1l0Jlb KO

TOporo ttMeeTCll rpantteHT TeMnepaTypbl, npOHCX0,1l51IUee IIOMHMO BbI,1le

JleHH51 ,1llKOyJleBoH TeIIJlOThI, - 3rjJifJeKm T0Mco11a; 

• B 1130TepMH'leCKHX ycJJOBHllX nptt cjlttKCttposaHHOM 3Ha'!eHHH pa3HOCTH 

3JleKTptt'leCKl1X IIOTeHuttaJlOB Ha KOHuax TepMonapbl B MeCTe errali npo

B0,1lHHKOB Bh1nen5leTC5I n1160 nornomaeTC51 TennoTa - 3rjJrjJeKm lleJtbmbe. 

Bo scex CJJY'Jallx TepM03JleKTpttYecKtte 51BJleHttll CB513atthI e ttapyweHtteM 

TeIIJIOBOro paBHOBeCJ.151 B IIOTOKe HOCHTeJleH 3JleKTptt4eCKOro TOKa. 

DpttMepoM 6ttOJlOf!1'-IeCK11X CHCTeM, ,1lJJ51 KOTOpb!X aneKBaTHO HCIIOJ!b30Ba

HHe OHCarepoBCKOro nonxona, CJlylKaT TpaHCIIOpTHbJe Cl1CTeMbl KJJeTO'!Hb!X 

MeM6paH. 3To HOHHbIM TpaHCIIOpT B rpantteHTe 3JleKTpOXHMH'!eCKOfO IIOTeH

u11ana B HOHHbIX KaHaJJax; 3TO 11 COIIp51lKeHHbIM MeM6paHHblM TpaHCIIOpT 110-

HOB 11 opraHtt'leCKHX MOJJeKyn: 0,1lHOHanpasneHHb!M - CHMIIOpT, BCTpeYHb!M 

nepeHOC - aHTl1IIOpT. 
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B paMKax OHcareposcKoro rrp116m1JKemrn MhI paccMaTp11saeM rrepeKpecT

Hb1e J111HeHHbie COOTHOWeHl151 MelK)J.Y IIOTOKaM11 semecTBa 11 :rnepnm B Cl1CTe

Max, He3Ha•rnTeJlbHO y)J.aJleHHh!X OT COCT051Hl151 paBHOBeCl151, 11 sen111rnHaM11 

o6o6meHHhlX Bbl3h!BaIOIU11X 11X TepMO)J.11HaMW!eCK11X Cl1Jl . BMeCTe c TeM He

paBHOBeCHbJe rrpoueccbJ IIO)J.pa3)J.en51IOTC51 Ha cKanHpHbie (x11M11qecK11e peaK

u1111, CTpyKrypHa51 penaKCaU1151, o6beMHa51 B513KOCTb), BeKTOpHbie (.ll11cpcj:>y31151, 

TeIIJlOilpOBO)J.HOCTb, ::meKTp11qeCKl1H TOK), TeH30pHbJe (B5!3Kl1e C)J.BlffOBble Te

qeHl151, Tenno- 11 ::meKTporrpOBO)J.HOCTb HeO)J.HOpO)J.Hb!X cpe)J.). 

HarroMHl1M, I.JTO TeH30p - 3TO MaTeMaT11qecK11ff o6beKT, 11Me10m11ìi orrpe

)J.eneHHYIO Cl1CTeMy KOMIIOHeHT B KalK)J.OH paccMaTp11saeMOH Cl1CTeMe Koopm1-

HaT, rrp11qeM rrp11 rrpeo6pa3oBaHl111 KOOp)J.11HaT ero KOMIIOHeHThl rrpeo6pa3yIOT

C51 rro srrontte orrpe)J.eneHHOMY (.lll151 )J.aHHoro cnyqa51) 3aKoHy. TeH3op ttynesoro 

pattra - cKanHp, TeH3op rrepsoro paHra - seKTOp, TeH3op BToporo paHra (To, 

qTo o6hJqHo Ha3bJBaIOT TeH3opoM) - KBa)J.paTHa51 MaTpm.~a 113 9 KOMITOHeHTOB 

)J.J151 TpexMepHoro orr11camrn aHl130TporrHbJX cpe)J.. l13oTporrHbie (cKan5ipHb1e) 

Cl1CTeMhl o6na)J.a!OT Bb!CWeH CTerreHblO Cl1MMeTp1111. CKan5!p (Macca, TeMrrepa

Typa, 3ap5!.ll) BO scex KOOpmrnaTHbIX Cl1CTeMax OCTaeTC51 CKal15!pOM. I1p11Mepbl 

BeKTopos: CKOpOCTb, c11na, HaIIp5!lKeHHOCTb 3JleKTp11qecKoro ITOJ151. 

HenlilHeMHOCTb ClllCTeM, y.aaneHHblX OT COCT051Hlil51 repMO,[l,lilHaMlil4eCKoro paBHO

BeClil51, np051BJ151eTC51 He TOJlbKO B oco6eHHOCT51X pa3BlilTlll51 TaKlilX ClllCTeM BO 

speMeHlil, HO lii B oco6eHHOCT51X 380n101..(lillil lilX npocrpaHCTBeHHOM crpyKrypbl. 

B coornercrnlillil e nplilHL(lilnOM ClilMMerplillil Kt0p1i1-nplilro>K1i1Ha ClilMMeTplilH 

lii arnMMerplil51 Bb1crynat0r KaK npo51sneHlil51 caMoopraHlil3aUlillil. 

llpuH71un CUMMempuu K10pu-flpu2o:J1Cu11a: B n11tteìi:Hoìi 06nacT11 Heo6-

paTl1Mbie rrpouecCbl COIIp51raIOTC51 B COOTBeTCTBl111 CO CB011M TeH30pHhIM paH

roM: CKamipHb!H (1130TpOIIHbIH) rrpouecc COIIp51raeTC51 TOJlhKO CO CKaJrnpHhIM, 

seKTopHbJH - c seKTopHbIM. BttewH11e B03)J.eìicTBl151, Bbl3hJBa10m11e pa3n111-1-

Hb1e 51BJieHl151 B MaKpOCKOIIHI.JeCKOH Cl1CTeMe, He MOryT o6Jia)J.aTb 6onee Bb!CO

KOH c11MMeTp11eìi, qeM rropolK)J.aeMbJH 11M11 rrpouecc. l130TporrHhIH rrpouecc 

(Harrp11Mep, 3K30TepM11I.JeCKa5! Xl1Ml1I.JeCKa51 peaKl.(1151 B roMoreHHOH cpe)J.e) He 

MOJKer Bhl3BaTb HarrpasneHHOfO rrepeHoca TeITJIOTbl 11Jil1 KaK11x-m160 KOMTIO

HeHTOB cpe)J.bl. )l,pyr11M11 CJlOBaMH, He sce rrpoueCCbl B Jll1HeHHOH o6JiaCTl1 MO

ryr corrp5!raTbCH. 

Ho s HeJI11HeHHOH 06nacn1 3TOT rrp11ttu11rr Herrp11MeH11M. B HeJIHHeìiHoìi 

o6naCTl1 MOlKeT rrpOH30HTH «IIOTepH CHMMeTpHH» HJlH caMOIIpOH3BOJibHOe 

B03HHKHOBeHHe rrpOCTpaHCTBeHHb!X crpyKTyp, HMe10m11x BbI)J.eJieHHh!e Ha

rrpasJieHH51, B HCXO)J.HO O)J.HOpO)J.HOH cpe)J.e, T. e . )J.OIIYCTl1MO conpHlKeHHe rrpo

ueccos pa3HOro paHra (6onee IIO)J.p06HO IIOHHTl1e «CHMMeTp115!» pacCMOTpeHO 

B rnase 4). 
TaK npo11cxo)J.11T: 

• B )J.BHraTene BHyTpeHHero cropatt115!, KOr)J.a H30Tp01rna51 no csoeff rrp11po)J.e 

peaKUHH OKHCJieHH51 (cropaHH51) 6eH3HHa rrpeo6pa3yeTC5!, 6naro)J.apH KOH-
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crp)'Kr.um MOTopa, HMe1011.1ero Bbl,neneHHbie CTeneHH cso60.uh1 (ttanpasne

HH» .usmI<eHH}{ .ueTaJJeì:i), B seKTOpHOe .UBmKeHHe aBTOM0611Jl}{; 

• B cnrme aKTHBHOro TpattcnopTa HOHOB B KJJeTO'!HbJX MeM6pattax, ocyme

CTBJJ}{eMoro HOHHbJMH HacocaMH 3a C'leT conpmKeHH}{ CKaJrnpHOH XHMH

'leCKOH :rnepro.uottopttoì1 peaKUHH rH.uponH3a AT<D H seKTopttoro :rnepro

aKuenTopttoro nepettoca HOHOB. 3.uech HeJJHHeHHOCTh nmrnn»eTc» 1a C'leT 

opHeHTHposaHHOCTH KOMnOHeHTOB peaKL{HH B 6eJJKOBOH MOJJeKyJJ»pHOH 

MaWHHe, <j:>opMHpy1011.1eì1 BbI.UeJJeHHbJe CTeneHH cso60,nhI. 

3JieKT{JOKHHenP:leCKHe HBJieHml 

3neKTpOKHHeTH4eCKHe }{BJJemrn Ha6n10.uaJOTC}{ B 33Kpb!TOH H30TepMH4e

CKOH CHCTeMe, COCTOml.{eH H3 .usyx nO.UCHCTeM (I H 2), OTJJH4al011.1HXC}{ TOJlbKO 

.uasneHHeM H 3JJeKrpH'IeCKHM noTeHL{HaJJOM H pa3,neJJeHHbIX nopHCTOH nepero

PO.UKOH (MeM6pattoì1) TipH HaJJH4HH 3JJeKTpOCTaTH'!eCKoro non» BMecTO cpo.u-

CTBa peaKUHH A HCnOJJh3yeTC» 3JJeKTpOXHMH4eCKOe cpo,ncTso Àr = - L vJrfiJ , 
j 

r.ne ii j - 3JJeKrpOXHMH'!eCKHH noTeHL{HaJJj-ro KOMDOHeHTa (CM. 2.5.27). ,[(n» 

npHpamemrn 3HTponHH BHYTPH cHcTeMhI HMeeM: 

l"- l"" -d;S = - L.,Ardçr =-L.,L.,Vjrµjdnj. 
T r T r j 

0601tta'IHM !1.rp = <Pt -(f>}_, !3.µJ = µ 11 - µ 21 . TipH nepettoce semecrna H3 

no.ucHCTeMbI I s no,ncHCTeMy 2 v1= - 1, no3TOMY 

d -S = _ __!_ °" !3.ji dn1 · _ _!_ °" z -F !1.rpdn1 . I TL., J J TL., J J 
J J 

IToo.ronòKY [a;; J = 'j, TO 8'8HHMX yrnoaH.X òµj = 'j"p. Tocna 

T,n1 

.UJJ}{ npOH3BO.UCTBa 3HTpOnHH non yqHM: 

d;S . I dnlj I °" dn!J 
- = --L:v ·LÌP---L.,z -F!1.rp-. 
dt T J 1 dt T J 1 dt 

dn1 · dn1 · 
Bso.L(}{ 0601tta'!eHH}{ .UM nOTOKOB l=-L:z1F--.I H J=-L:v1 --.J, 

j dt j dt 

3TO Bb!pa)!(eHHe MO)!(HQ nepenHCaTb B BH.Ue 
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diS = - ti? J - t1rp I . 
dt T T 

CooTseTcrny10m11e cpettoMettoJior11qecK11e ypasttettm1 11Me10T BHJJ. 

I = L1 I 11<p + l ti? 
T 12 T ' 

J=Li1/).<p+Li ti? 
T 2 T . 

1'b 3Tl1X ypaBHeHHH MO:>i<HO ITOJiyYl1Tb CJie)J.y10m11e COOTHOWeHHll. 

0THOWeH11e pa3HOCTl1 ITOTettu11aJIOB K pa3HOCTl1 )J.aBJieHHH rrp11 HyJieBOM 

TOKe Ha3hIBaeTCll nomem1uaJ10M mel./eHufl: 

(~ )/=0 
_!:11_ 

l11 

3JleKmpoocMOCOM Ha3hIBaeTCll ITOTOK semecTsa B pacqeye Ha e)J.11H11UY 

Cl1Jlbl TOKa, o6ycJIOBJieHHbIH 3JieKTp11qecKl1M TOKOM np11 paseHCTBe )J.aBJJeHHH B 

IlO)J.Cl1CTeMax: 

(f )M=O 
l21 

l11 

3fleKmpOOCMOfflUl./ecKUM da6Jlef/Ue.M Ha3bJBaeTCll pa3HOCTh )J.aBJJeHHH B IlO)J.

CHCTeMax B pacqeTe Ha e)J.11HHUY pa3HOCTl1 3JieKTp11YeCKOf0 ITOTeHu11aJJa B OT

CyYCTBHe rrepettoca semecrna: 

(~;)J=O _ L21 

l22 

ToKOM nepenoca Ha3bJBaeTCll 3JleKTpwreCKH ì1 TOK, corrposmK)J.a10m11ì1 ne

pettoc semecTsa B OTCYTCTBHe pa3HOCTl1 :meKTpwqecKHX TIOTettu11aJIOB: 

(7t~=O l12 

l22 

Bee qeThipe llBJleHHll MOfYT 6hITh H3yYeHhl He3aBHC11MO. 1'13 COOTHOWe

HHH s3a11MHOCT11 Ottcarepa cJJe)J.yeT, qyo 

(~)/=O =-(f)M=O' (~;)J=O = - (~)~~=O. 
TioJJyYeHHhie cooTHoweHHll Ha3hJBalOTCll coomnoiueHUflMU CaKcena H He 

3aBHCllT OT MO)J.eJJH rrepeHoca HJlH CBOHCTB MeM6paHbl. 
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I'JZaea 3 

CaMoopraH1ny10IIJ;i1ec51 cHcTeMbI. 

CHHepreTHqecKHe acrreKTbI 3KonorHH 

noAAep)l(aHHe opraHH3aUHH B np1-1pOAe He MO
)l(eT 6b1Tb AOcrnrHyro ynpas11eH1<1eM 1-13 eA1<1Horo ueH
rpa; nOPRAOK MO)l(eT nOAAeP)l(HBaTbCR TO/\bKO e no
MOLllblO caMoopraHH3aUHH. 

K. K. Su6puxep, I. HuKOllUC, n. Wycrep 

3 .1. 3neMeHTbl o6rn:e.H TeOplUf CMCTeM 

Nomen est numen (Ha3sarb - 3Ha4HT no3HaTb). 

J).pesHepuMcKoe uJpelleHue 

BBO.U51 TepM11H <OKoc11cTeMa» Mb! He51BHO wcnonh30Ban11 noH5!T11e «c11c

TeMa», a B COBpeMeHHOH TpaKTOBKe .uaHHOe o6w,eHay'IHOe flOH51Tl1e '1pe3Bbl

'!aHHO npo.uyKTl1BHO .UJI51 3KOJIOrl1H . 

flO.U CUCmeMOU flOHl1MaeTC51 COBOKynHOCTb B33HMOCB513aHHblX 3JieMeHTOB, 

06p33ymw,wx e.uttHhIH B KOHKpernoM paccMOTpeHHH o6beKT - cTpyKTypHo

cpyHKU110HaJihHYJ-O uenocTHOCTh. CucmeMHblu aHaJlU3 - 3TO MeTo.uonor1151 ttc

cne.uoBaHH51 CJIO)!(HhlX o6beKTOB nocpe):ICTBOM npe.ucTaBJieHl151 11X B Kal.!eCTBe 

CHCTeM. C11cTeMhl npH 3TOM BbI.UeJI5110TC51 11CXO):l51 H3 ueneii 11ccne.uoBaH115!: e 

O.UHOH CTOpOHbl, Cl1CTeMa paCCMaTp11BaeTC5! KaK e.u11Hoe uenoe, e L1pyroì1 -

KaK COBOKynHOCTh 3JieMeHTOB, xapaKTepH3yeMhIX Ha6opOM 11H):lHBH.UyanhHhlX 

CBOHCTB. 11 CBOeH <mpe.UhlCTOp11eH». )J,JI51 OTHOCl1TeJihHO npOCTblX CHCTeM xa

paKTepHa aòòumUBHOCmb - THn OTHOWeHl1H Me)!(J:IY Cl1CTeMOH H ee no.ucwc

TeMaMH, xapaKTep113yeMhIH cpopMynoii «uenoe paBHO CYMMe qacTeH» (Hanp11-

Mep, Macca MaTep11anhHOH c11cTeMhI, ee n11HeHHhie pa3Meph1) . B o6w,eM cnyqae 

uenoe o6na.uaeT Kal.!eCTBeHHO HOBblMl1 CBOHCTB3MH (MOJieKyna BO.Uhi OTJil1l.!aeT

C51 CBOHCTBaMH OT COCT3BJJ51l0ll.l,11X ee aTOMOB, CBOHCTBa BO.Uhi KaK )!(11.llKOCTl1 

Henpe.ucKa3yeMbl Ha OCHOBe a):l.UHTHBHb!X nptt6Jil1)!(eHHH) - uenoe «60JibWe» 

11 «60ra'le» cyMMbl ero qacTeH (npaBl1JJO Hea)l):ll1Tl1BHOCT11), 'ITO COOTBeTCTByeT 

cp11nococpcK0My 0606w,eH11IO : «nepexo.u KOJJHl.!ecrna B Kal.!eCTBO». 1.1,enoe He 

MO)!(eT 6h1Tb fl03HaHO 11 o6b51CHeHO Ha OCHOBe TOJJbKO 3HaHl1H o ero qacT51X. 

B 3TOM 11 3aKJIJ-Ol.{aeTC51 OTJil1l.!11e CHCTeMHOro no.uxo.ua OT pe.uyKU110Hl13Ma - JIH

HeHHOro npoeuwpoBaH1151 (6YKBaJibHhlH nepeHOC) CBOHCTB o6w,ero Ha CBOHCTBa 
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qacTHoro. CnpaseMHBoì1 npe.unonaranach H o6paTHa51 3KCTPano~UH51. MeTo

.uonorH'leCKHe npHHUHflhl pe.uyKUHOHH3Ma, aKTYaJihHhie M51 qmnococpHH H ec

TeCTB03HaHH51 B XIX H XX cToJieTHHX, yrpaTHJIH csolO attTaroHHCTH'lHOCTh 3a 

nocne.uHtte .uecHTHJienrn, Kor.ua ecTeCTBeHHhie HayK11 nepewntt oT tt3y'leHH51 

CTPYKTYPhI MaTeptttt K H3yqeHHIO MexaHH3MOB ee pa3BHTH51 Ha scex ypoBHHX op

raHH3aUHH - OT aTOMHO-MOJieKyJIHpHoro .uo 6ttoJioro-3KOJIOfH'leCKoro, COUH

aJihHoro H KOCMH'leCKoro. B rJia3aX yqeHoro MHpa CTOJlh pa3Ha51 no CBOHM cpH-

3H'-JeCKHM H XHMH'leCKHM CTPYKTYPHhIM ocHoBaM MaTepttanhHM BceneHHa51 

OKa3aJiaCh HeQ)!<H.UaHHO YHHBepcaJihHOH B npOCTPaHCTBeHHO-BpeMeHHhIX npo-

51BJieHH51X csoero pa3BHTH51 KaK npoTO'lHOH .uttccttnaTHBHoì1 CHCTeMhI. ITo.uo6Hoe 

.UBmKeHHe Mh!CJIH npo1130WJIO 6naro.uap51 CMeHe napa.u11rM MhIWJieHHH: OT JIH

HeHHOH .ueKapTOBOH - K HeJIHHeHHOH CHHepreTH'leCKOH. B 3KOJIOfHl1 CHCTeM

Hh!H aHaJIH3 TPaKTYeT ttea.u.uttTl1BHoCTh KaK npHHUHn 3Mep.u)!(eHTHOCTH. 

11.ueH CHCTeMHoro no.uxo.ua 11MelOT .uaBHHe TPa.UHUHH, HX Ha'laJia 6bJJIH H3-

JIO)!(eHhl eme B VI B . .uo H. 3. KHTaHCKHM My.upeuoM, OCHOBaTeJieM òaocu3.MQ 
nao-U3hl. B OCHOBe KOHUerTUHH òao Jie)!(aT npe.ucTaBJieHH51 o eCTeCTBeHHOM ny

TH B03HHKHOBeHH51, pa3BHTl151 11 HC'le3HOBeHH51 scex «Bemeì1» 11 MaTep11aJihHOH 

nepBOOCHOBe HX cymecTBOBaHl151. 06my10 Teop1110 Cl1CTeM KaK HOBOro nepcneK

Tl1BHOro Hayqttoro Hanpasnett115! c03.uan 11 o6octtosan A. A. Eor.uaHoB ( 1873-
1928) B HayqHoM TPY.Ue «Bceo6mM opratt11Jau110HHa5! HayKa>>, Ha3BaB ee meK
monozueu (tekton B nepeso.ue e rpeqecKoro o3HatiaeT «CTPOl1TeJih»). TeKToJiorHH 

6hIJia 3a.UYMaHa aBTOpOM KaK HayqHa51 OCHOBa X0351HCTBeHHoro perynttposaHH51 11 

ynpaBJieHl151, B OCHOBY KOToporo TIOJIO)!(eHhl npwn1unbl cucmeMHOCmu [l]: 

• CHCTeMa paccMaTp11BaJiaCh He TOJlhKO KaK COCT051Hl1e, HO KaK npouecc, op

raHH3aU110HHhIMl1 CB51351Ml1 KOTOporo 51BJI5llOTC51 o6paTHhJe CB51311; 

• uenoe 6onhwe CYMMhI ero 11aCTeì1 - np11ttuttn opraH1130BaHHOCT 11; 

• eCJil1 Cl1CTeMa COCTOl1T H3 no.uc11cTeM BhICWeH H Hl13Weì1 cTyneHeH opra

HH30BaHHOCTl1, ee nose.ueH11e onpe.uen51eTC51 BTOpoì1 fTO.UCHCTeMOH - TeK

TOJIOfH'leCKHH 3aKOH . 

HeK0Topb1e noJio)!(eHH51 TeKTonor1111 npe.usocx11THJIH H.UeH cospeMeHHoii 

KH6epHeTl1KH (npHHUHCT o6paTHOH CB513H, H.UeH MO.UeJittpoBaHH51 H .up.). 

· Pa3BHTHe o6meì1 TeopHH cttcTeM npo.uoJI)!(HJIH C. H. EynraKoB 11 B. A. Ea-

3apos (nepsa51 TpeTh XX s). Ho B ttaytIHo-npoH3BO.UCTBeHHYIO H ynpasnett11e

CKYJO npaKTHKY OHa 6bIJia sse.uetta JIHWh BO BTopoì1 CTOJIOBHHe xx B. 6naro.ua

p51 Tpy.uaM aBCTpttì1cKoro 611onora JI. cpoH EepTaJiaHcpH, KOTOphIH onpe.uen11n 

o6mym TeopHlO CHCTeM KaK JIOrHKO-MaTeMaTH'leCKYlO o6JiaCTh HCCJie.uosaHHH. 

B ocHosy Teop11H 6hIJIO noJio)!(etto BhI.UeJietttte yH11sepcaJihHhIX csoì1cTB, np11-

MeHHMhIX .UJI51 CHCTeM JII06oro pattra 11 CJIO)!(HOCTH - npHHUHCT H30MOpcpH3Ma 

(Hanwrne CXO.UCTBa y pa3Hh!X KOMTIOHeHTOB) CHCTeM. 

3Ha1111TeJihHh!H BKJia.U B pa3BHT11e .ue.uyKTl1BHOH MeTO.UOJIOfHH npttHa.une

)!(11T A. l1. YeMosy. 

OnttweM OCHOBHbie fTOH51TH51, KOTOpb!e BKJIIO'laeT B ce651 06ma51 Teop1151 

CHCTeM. 
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3!leMe11m - cTpyKTypHhIH KOMnoHeHT cHcTeMhI, 06na.na10IUHH ee csoH.

CTBaMH. Cornactto npasHny ttea.!l.LIHTHBHOCTH, pa3JJO)!(etttte 3JJeMeHTa sne11eT 

lf3MeHeHHe ero CBOHCTB. 

Oc11oe11bie xapaKmepucmuKu fllo6ou cucmeMbl BKJJ1011a10T: a) rpaHHUhI; 

6) CTpyi<Typy; B) xapaKTep CBH3eH Me)!(.ny 3JleMeHTaMH CHCTeMhI, a TaK)!(e Me)!(

.!IY CHCTeMOH H BHeurneH. cpe.noH.; r) CBOHCTBa ClfCTeMhl (3JleMeHTOB H uenoro ). 

I'pa11Ul{QMU CHCTeMhl HBJlH!OTCH npe.nenhI .neHCTBHH 3aKOHa KOMil03HUHH . 

3Ta Ba)!(HaH xapaKTepHCTHKa CHCTeMhl CBH3aHa e ee ueJJOCTHOCTh!O H ycTOH'-IH

BOCThlO K BHeWHHM B03,!leHCTBHHM. 

CmpyKmypa c11cTeMhI xapaKTeptt3yeTCH ee HepapxH'-IHOCThlO, a TaK)!(e npo

crpaHCTBeHHO-speMeHHhIM COOTHOWeHHeM cnara!OIUHX ee 3JleMeHTOB lf HX CBH-

3eH.. ITpocrpattcrneHHhIH acneKT xapaKTeptt3yeT nopH.UOK pacnono)!(eHHH 3JJeMeH

TOB B CHCTeMe lf HX COilO.!l'-IHHeHHe - 11epapx1110, a speMeHHOH acneKT orpa)!(aeT 

.!llfHaMHKY COCTOHHHH ClfCTeMhl BO speMeHH ( COCTOHHHH no.ncHCTeM lf HX B3aHMO

OTHOWeHHH ). Cne.nyeT OTMeTHTh, '-ITO .nm npouecca caMooprattmautt11 MHHH

MaJJhHOe '-llfCJlO B3aHMO,!leHCTBYIQ1UHX 3JleMeHTOB .!l0Jl)!(H0 6hJTh 2, a MaKCHMaJJh

HOe - He orpaHH'-leHo. B npe.D.eJJe CTHpaeTCH .!llfCKpeTHOCTh 3JleMeHTOB CHCTeMhl, 

H ee y.no6ttee paccMaTpHBaTh KaK paccpe.noro11ettttyio (pacnpe.nenettttyio). 

IIo crpyKType pa3nH11aioT cne.nyiom11e T11nh1 cHcTeM: ueHTpanmosaHHhie 

H .neueHTpaJJH30BaHHhie, )!(eCTKHe, )J.HCKpeTHhie lf HenpephIBHhie, .!llfHaMH'-le

CKHe lf CJlO)!(Hhie, ClfMMerpH'-IHhle H xaoTH'-leCKHe. YcrpaHeHHe Jl!06oro 3JleMeH

Ta )!(eCTKHX CHcTeM se.neT K 11x pacna.ny {ttanp11Mep, KapTO'-!HhIH .!IOMHK). C11c

TeMhI 3Toro THna 6onee 3KOHOMHhI H BhICOKoopraHH30BaHHhJ. B .UHCKpeTHhIX 

ClfCTeMax Me)!(.ny 3JleMeHTaMH OTCYTCTByeT npHMaH CBH3h Me)!(.ny 3JleMeHTaMH, 

a B3aHMO,!leHCTBHe ocymecrnmeTCH nocpe.ncTBOM HX OTHOWeHHH K o6meH. cpe

.ne (ttanpHMep, CBH3h 6aHKOB 11epe3 qmHaHChl, 6Hp)!(y) . <PH3H'-!eCKOH aHaJiorneH. 

MO)!(eT CJlY)!(lfTh B3aHMO,!leHCTBHe rpaBHTauHOHHhlX Macc lfJlH 3apH,!lOB 11epe3 

none, rpas11Tau110Httoe 11n11 3JJeKTp1111ecKoe. B CBH3H e paccMorpeHHeM 6Hono

rH11ecKoH. 3BOJ1!0UHH tta c, npe)!(.ne scero, HHTepecyioT CJJO)!(Hhie 11 .n11HaM1111e

CK11e CHCTeMhl. jJU11QMU'leCKUe cucmeMbl HBJIH!OTCH MO)J.eJlHMlf peaJlhHh!X npH

pO.!lHhlX ClfCTeM, OTpa)!(a!OIUHMlf MHpOB033peH4eCKHH npHHUHn .neTepMHHlf3Ma. 

TaKtte Mo.nen11 xapaKTepmyioTCH tta6opoM nepeMeHHhIX, onpe.nenH!OIUHX co

CTOHHHe CHCTeMhl, lf onepaTOpOM 3BOJI!OUHH, OillfChIBa!OIUHM pa3BHTHe ClfCTe

Mhl . 3BOJllOUHH .!lHHaMH'-!eCKOH ClfCTeMhl 0,!lH03Ha'-!HO onpe)J.eJJHeTCH ee Ha'-laJlh

HhIM COCTOHHHeM. B npOTHBOilOJlO)!(HOCTh .neTepMHHHpOBaHHhlM .!llfHaMH'-!eCKHM 

ClfCTeMaM HMeeTCH 60JihWOe '-IHCJlO CHCTeM, xapaKTep113yeMhlX HeJJHHeHHh!Mlf 

csoH.cTBaMH. B HHX HaJJHYecTsyeT .nocTaTO'-IHO 6onhwoe Kon1111ecTBO 3JJeMeH

TOB, B npHHUHne Heo.n1rnaKOBhlX, OHH o6na.naioT CJIO)!(HOH CHCTeMOH BHYTpeH

HlfX CBH3eH lf B HeKOTOphlX cnyqaHX OTCYTCTBHeM )!(eCTKHX rpaHH'-IHh!X ycno

BHH. TaKHe CHCTeMhl Ha3hJBa!OTCH c!lo:JJC11b1MU cucmeA1aMu. 

HepapxuR (rpe4. lcpapxia, OT lcp6ç - CBHUieHHhlH lf a.pxm - npasnem1e, 

snacTh) - np11ttu11n CTPYKTYPHOH oprattmau11H CJJO)!(HhIX MHoroyposHeBhIX 
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Cl1CTeM, COCTOllIU11H B yrropll)l04eHHOM B3al1MO)leHCTBl111 Me)l(lly yrropll)l04eH

HbIMl1 ypOBHllMl1 B rropll)lKe OT Bb!Clllero K Hl13llleMy ( 3TO Il0HllTl1e rrepBOHa-

4a.JibHO OTHOC11JI0Cb K uepKOBHOMY 11 rocy.uapCTBeHHOMY ynpaBJieHmo). Ka)!()lb!H 

113 .nsyx HJIH 6onee B3al1MO)leHCTBYIOIU11X ypoBHeH BbICTynaeT KaK ynpaBJilllO

IU11H no OTHOllleHl1IO K H11)!(Hl1M 11 KaK nO)l'il1HeHHbIH no OTHOllleHl1!0 K sepXH11M 

ypOBHllM. <DaKTl14eCKl1, 3TO n11paM11)la, Ka)!()lbIM ypOBHeM KOTOpOH ynpaBJilleT 

ypoBeHb 6onee BbICOKOro paHra. B 11epapx114eCKl1 BbICTPOeHHOH Cl1CTeMe Hapll

.ny co CTPYKTYPHOH .nmpcpepettu11au11eì1 11MeeTcll cpyHKU110HaJihHall , T. e . Ka)!()lbIH 

yposeHb cneu11a.Jim11pyeTcll Ha BhlilOJIHett1111 onpe.nenettttoro Kpyra cpyHKU11H, 

np11 JTOM 6onee BbICOKHe ypoBHl1 B OCHOBHOM cneu11aJil1311PYIOTCll Ha 11HTerpa

Tl1BHbIX cpyHKU11llX. B COOTBeTCTBl111 e 3 aKOHOM KOMn03 ULfUU KOMnOHeHTbl Cl1C

TeMbl o6be)ll1HlllOTCll Ha OCHOBe B3al1MO)leHCTBl1ll (xapaKTepHO )lJill cp11311Kl1, 

611onor1111, 3KOJIOrH11) 11 B3al1MOCBll311 (xapaKTepHO )lJill 11HcpOpMaTl1K11, K116epHe

Tl1Kl1 , MaTeMaT11K11, JI11Hrn11cT11K11) . IIp11Hu11n 11epapx11'!HOCT11 xapaKTepeH 11 .nm 

611occpepHbIX 11 cou11aJibHblX Cl1CTeM. B pea.JihHbIX Cl1CTeMax 11epapx11qecKal1 

Cl1CTeMa He 6bJBaeT a6COJI IOTHO )!(eCTKOH 11 C04eTaeTCll c 60Ji bWeH 11Jil1 MeHbllleH 

aBTOHOMl1eH Hl13Wl1X no)lCl1CTeM, )lOCTaT04HOH )lJill 11X BHyTpeHHeH caMOOpra

Hl13aU1111, onpen:eJil!IOI.UeH ycTOH'il1BOCTb sceì1 Cl1CTeMbl. 

0TMeTl1M HeKOTOpbie oco6eHHOCTl1 11epapx114eCKOH opraH113au1111 Cl1CTeM : 

1. YnpasmeMall c11cTeMa orpaH114eHa s B03MO)!(HOCTllX npouecca caMoopra

H113au1111 3a c'!eT YM eHhllleH11ll cTeneHeì1 cso6onh1. 

2. CKopocTb npox O)!()leH11ll 11HcpopMau1111 no sepT11KaJibHOH CTPYKType 11e

papx1111 MeHbllle CKOpOCTl1 npOX0)!()leHl1ll 11HcpOpMau1111 no rop1130HTaJib

HOH CTpyKType, CJie)lCTBl1eM 4ero llBJilleTCll 3aMe)lJieHHall peaKU11ll Ha 

ynpaBJill!OLU11e B03)leHCTB l1ll 11 Ha o6paTHYIO CBll3b . 

3. IIoTepll 11HcpopMa u 11 11 BHYTPl1 11epapx11qecKoì1 CTPYKTYPhI np11son11T K no

Tepe ynpaBJille MOCTl1 HeKOTOpblX 3JieMeHTOB Cl1CTeMbl 11 3aqacTy10 K noJI

HOH noTepe o6paTH OH CBll311 MelK.UY BCeMl1 ypoBHllMl1 opraH113au1111. 

K 11epapx114eCKl1M OTHOCllTCll sce Cl1CTeMhl, rD,e BCTpe4a eTCll « Cl1JIOBOH» 

KOHTpOJib Ha)l 6on ee Hl13 K11Ml1 ypOBHllMl1 . Hanp11Mep, :no MOlKeT 6h1Tb coo6-

mecTBO lKl1BOTHbIX ( CTall ) CO CB011M BOlKaKOM 11 ero 6Jil13Kl1M OKpYlKeH11eM. Ta

KYIO opraHmau1110 M OlKHO OTHeCTl1 K TpexypOBHeBOH Cl1CTeMe. D0Jlbllll1Ml1 no 

pa3Mepy 11 4pe3BbI4aHHO CJIOlKHbIMl1 11epapx114eCKl1Ml1 opraHl13aUl1llMl1 llBJill

IOTCll rocy.napcTBeHHbJe CTpyKTypbl, KOHTpon11py!0IUl1e coo6mecTBa 6onee MeJI

Kl1X opraH113aU11H (KOMMepqecK11e cp11pMbl , nOJil1Tl1'!eCKl1e opraH113au1111, ce

MeHHhie ll4eHK1111 T. ,1.1 .). 
CaM no ce6e 3TOT T11n opraH113au1111 He MO)!(eT 6hITh «xopolll11M» 11n11 «nno

Xl1M», HO TOJibKO an:eKBaTHblM 11Jll1 HeaneKBaTHbIM no OTHOllleHl1!0 K pewaeMbIM 

Cl1CTeMOH 3a)la'!aM. I1epapX114eCKHe Cl1CTeMbl lll11p0KO pacnpoCTpaHeHbl B TeXHH

Ke l1 o6mecTse: HanpHMep, CJIO)!(Hall Cl1CTeMa CBll311, Cl1CTeMa o6pa60TKH naHHhIX, 

cpaHJIOBbie Cl1CTeMbI, KJiacc11qecKal1 CHCTeMa MeHe)l)!(MeHTa, CHCTeMa ynpaBJieHl1ll 

TPaHcnopTOM 11 MHorne .npyr11e. OH11 opraHmosaHhI no ttepapx11qecK0My np11H-
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u1my, KOTOpbIH Il03BOIDieT BbinOJIWITb naparrrrerrhHO pa3IIHlJHble onepaUHH, pa6o

TaTb e OT,QeJibHb!MH HHcpOpMaUHOHHb!MH MaCCHBaMH H T . .n. 

3cpcpeKTHBHOCTb OTHOCHTeJibHO npOCTbIX, «CKOHCTpyttpoBaHHbIX no.n 

KOHKpeTHhie 3a,nalJH», 11epapx11lJeCKl1X Cl1CTeM OCHOBaHa Ha Ml1Hl1MaJibHOM 

lJHCJie o6paTHblX CBJl3eì1 np11 .QOMl1H11pOBaHl111 O.QHOHanpasrreHHblX sepT11KaJib

HbIX CB.113eH. 3cpcpeKTl1BHOCTb CJIO)f(HbIX Cl1CTeM onpe.nem1eTCJI coseprneHHO 

11HhIMl1 HY)K.QaM11 - Heo6xo,n11MocTb10 c6anaHc11posaHHOro cornacosaH115! ro

p1130HTaJibHhIX 11 sepT11KaJibHbIX CBJl3eì1. fapMOHl1lJHOCTb 11 nJiaCTl1lJHOCTb CBJl -

3eH nopo)K_naeT ycTOHlJl1BOCTb Cl1CTeM, B OTJil1lJl1e OT CHCTeM e npllMb!M sepT11-

KaJibHb!M ynpasneH11eM. TaK, B 11epapx114ecKoì1 cTpyKType neca Me,nse,nb Hl1KO

r.na He pyKoso,n11T )f(l13Hh!O Mypaseì1H11Ka. 

KoJ1.otnfleMeHmapHb1ìi mun opzaHu3aiiuu - cemeeaa cmpyKmypa, KOTopaJ1 

He npe.nnonaraeT pa3611BKY Ha ypoBHl1. CeTeBaR cTpyKTypa - 3TO ecTb rop11-

30HTaJibHaR CTpyKTypa - Cl1CTeMa CB513eì1 Ha O.QHOM 11Jil1 6JI113Kl1X ypOBHJIX 

11epapXH'IeCKOH opraH113aU11H, ,QOilOJIHJllOillaJI ee B03MO)KHOCTl1 (ttJil1 ,necTpyK

Tl1BHO KOHcpJI11KTYJOU.laJI e Heì1) . JI106aJ1 .QOCTaTOlJHO CJIO)f(Ha51 Cl1CTeMa, ecTeCT

BeHHa51 HJIH HCKyccTBeHHaJI, HMeeT 11epapx11LfeCKyJO CTpyKTypy, 11 6e3 ttepap

XHH He)KH3HeCnOC06Ha. C ,npyroì1 CTOpOHbl, rJHympuypo6He6ble cemeBble C6Jl3U 

TaK)f(e Heo6xo,nttMhI .QJI51 nOBhirneHHJI )f(l1ByqecT11 11 r116KOCTH c11cTeMbI. IIp11 

npaBHJibHOH opraHH3aUH11 OHl1 np11,na10T CHCTeMe «CBOHCTBO rorrorpacptt4HO

CTH»: no.ncttcTeMbl npo,nOJI)f(aJOT no.n,nep)f(11BaTb 11 _na)f(e BbinOJIHJITb cpyHKU11!0 

CHCTeMbl npH 3HaLIJ1TeJibHblX pa3pyrneHHJIX (TaK, OCKOJIOK cpoTonJiaCTHHKl1, Ha 

KOTOpOH 3an11caHa rorrorpaMMa, MO)f(eT BOCnpOH3BeCTl1 B npocrpaHCTBe roJIO

rpacptt4eCKOe 11306pa)f(eH11e, nycTb _na)f(e e lJaCTHlJHhJM yxy.nrneH11eM KaLfeCTBa) . 

CymecrnyeT onpe.neneHHhJì1 co6Jia3H yno.no6ttTh 11epapx114ecKyio crpyKry

PY 6ttonorn4ecK11x coo6mecrn ynpaBJIJllOll\HM crpYKTYPaM rocy.napcrn. IIo

crre,nHtte 3HalJHTeJihHO npome ycrpoeHhJ 11, .neì1cTB11TeJibHO, ocymecTBJI51JOT 

ynpaBJI51JOIJ..IHe cpyttKUHH, corrracy51 HHTepeCbl caMoopraHH3Y!Oll\11XC51 rop1130H

TaJibHblX Cl1CTeM. l1Hoe ,neJIO B 611occpepHOH 11epapx1111 - B 3TOM cnyqae caMO

opraH113aUH51 HOCHT l1HTerp11poBaHHblH xapaKTep H OXBaTbJBaeT Bee ee ypOBHH . 

XapaKmep cemeìi onpe.nenJ1eTCll JIHHeì1HhIMH 11 HeJI11HeHHhIMH, npllMhlMH 11 06-

paTHhIMJ:I, noJIQ)f(HTeJibHblMl1 H orp11uaTeJibHb!MH B3aHMO,QeHCTBH51MH ( CB51351M11) . 

TaK, ycTOHlJHBOCTb 611oueH03a Jieca CBll3aHa COBCeM He e TeM, lJTO X035111H Jieca 

Me,nse,nb Henocpe.ncrneHHO PYKOBO.QHT pa6oroì1 Ka)f(_noro Mypaseì1H11Ka. 

CB513H Me)f(.Qy no,nCHcTeMaMtt xapaKTep113YJOTCll onpe.nerreHHhIM MaTepttarrb

HhIM HanoJIHeHHeM. <l>yHKUHOH11poBaH11e Hl13llIHX no.ncttCTeM B 11epapxm1, KaK 

npaBHJIO, CB513aHO e 60JibllIHM y.ueJibHblM nOTpe6JieH11eM (npeo6pa30BaHHeM) pm

JIWIHblX 811,QOB 3Hepr1111 H, COOTBeTCTBeHHO, e 60JibWHM npOH3BO.QCTBOM 3Hrpon1111. 

e no,nbeMOM no "1epapXH4eCKOH necTH"1U,e CHH>KaeTGI He TOJibKO 3Heprono

Tpe6neHHe Ha Ka>K,D,OM "13 ypOBHei1 , HO "1 3Heproo6MeH Me>K,D,y H"1M"1. 3aTO 803-

paCTalOT HH<PopMau,1-10HHble noTOKH, HanpasneHHbre Ha comacosaH1-1e rop"130H

ranbHblX H seprnKanbHblX npou,eccos, "1Ha4e rosopJ1, caMoopraH"13aU,"1JI oxsa

Tb1saer H caM"1 rop"130HTbl , "1 ceTb CBJl3ei1 Me>K,D,y HHMH. 
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Cne.nyeT OTMeTl1Th, 'ITO Me)f()ly rop1130HTaJJhHhIMl1 npoueccaM11 11 rno-

6anhHhIM 11epapXI1'!eCKl1M yrrpaBJ1eH11eM MOrYT B03Hl1KaTh «KOHcj}JJ11KTHh!e c11-

Tyau1111»: BCJJe)lCTBl1e MHO)f(eCTBeHHOCTl1 ITO)lCl1CTeM, 11X pa3HOo6pa31151, a TaK

)f(e HeJ111HettHOCTl1 np51MhIX 11 o6paTHhlX CB513ett Me)f()ly Hl1Ml1 MOrYT B03Hl1KaTh 

«KOHcj)Jll1KThl 11HTepeCOB>> Me)f()ly lJaCTHhlMl1 II rno6aJJhHhlMl1 CTpyKTypaMII 11JIII 

rrpoueccaM11. On11caHHhltt «HespoT11tJeCKIItt Jcj)cj)eKT» 11MeeT yH11sepcaJ1hHY10 

opraHII3aUl10HHYIO npIIpo.ny 11 MO)f(eT Ha6JJIO)laThC51 B JJI06bIX opraHl13aUl151X 

rrpII KOHcj)JJIIKTe 11epapxIItJecK11x 11 ceTeBhlX CTPYKTYP· B oprynpasneHlJeCKOM 

KOHCaJITIIHre KOHcj}Jll.1KT )lBOHHOro [JQ)llJl1HeHII51 (Hanp11Mep, sepT11KaJJhHOH 11 

ropII30HTaJJbHOtt CTPYKTYP ynpasnett115!) nony411n Ha3satt11e «npocj)ecc11ottanh

HOtt w1.nocj)pemn1». 

Kor.na Mhl rosop11M o nepe.natJe 11Hcj)OpMaUIIII Me)f()ly )JleMeHTaMH CIICTeM, 

TO BTOpraeMC51 B o6JJaCTh KH6eptteTl1KH, KOTopa51 B03HIIKJJa BOBCe He B cepe)lII

He xx B., KaK npHH51TO ClJl1TaTh, B KalJeCTBe H3YKII o KOMI1hl0Tepax, lJHCJleHHOM 

MO)leJJIIpOB3HIIl1 I1 ynpasneHHH npoueccaMII B CJIO)f(HblX CHCTeMax ( «OTUOM» 

K116epHeT11K11 ttarnII cospeMeHHHKl1 tta3hJBalOT Ho6eprn B11ttepa ( t 894-1964)). 
Hcxo.nHo KII6eptteT11Ka npos03rnawanach KaK HayKa o rocy.napcTBeHHOM yrrpas

neH1111 . (06 3TOM I1HCaJJ B CBOHX Tpy.nax rro KJ1aCCIIcj)11Kau1111 HayK seJJHKIIH cj)paH

UY3CKl1H cj}113IIK AH.npe-Map11 AMnep (1775-1836), rrotJeTHhltt tJJJeH IleTep-

6yprcKott aKa.neMHII ttayK.) 

3neMeHmbl u cucmeMa e lfeJIOM xapaKmepU3yJOmcR pRÒOM ceoìicme: 

1. Hea)l)ll1Tl1BHOCTb - OCHOBHOe Cl1CTeMHOe CBOHCTBO. 

2. Ilose.neH11e c11cTeMbI onpe.nen5leTc51 ee cTpyKTypoìi 11 xapaKTepoM CB513eìi 

Me)f()ly 3JJeMeHT3MI1. 

3. C11cTeMa MO)f(eT o.nHospeMeHHO cocT051Th 113 rro.nc11cTeM 11 caMa 6bITh tJa

CThlO 11epapx11lJeCKI1 6onee BhlCOKOOpraHH30BaHHOH Cl1CTeMhl. 

4. Ka)f()lhltt 3JleMeHT CHCTeMhl MO)f(eT OKa3aTh BJIII51HI1e Ha pa3Bl1TIIe o6rue

Cl1CTeMHhlX npoueccos ( «rlp11HUI1rl )l0Ml1HO»), 11 Hao6opoT. 

5. C11cTeMa cTpeM11Tc5! coxpaH51Th ycTOttlJl1BOCTh nyTeM pean113au1111 CB513ett 

Me)f()ly 3JleMeHTaMH . 

6. C11cTeMa xapaKTepII3yeTC51 HaJ111tJ11eM np51MhJX 11 o6paTHbIX CB513ett Me)f(.ny 

3JJeMeHTaMII: rroJJO)f(l1TeJJhHhie CB513II yc11n11sa10T rrpo11cxo)l5!1.UHe s tteìi 

113MetteHH51, 0Tp11uaTeJ1bHb1e - ocna6JJ5IIOT. 

C11cTeMhI peaJJhHhIX MaTep11aJ1hHblX o6beKTOB xapaKTep113yIOTC51 Macwrn-

6aMII II ypOBH51MII. TaK MHOroo6pa3He M11pa MO)f(HO rrpe)lCT3Bl1Th B BH)le nocne

)lOBaTeJJhHO B03Hl1KWIIX 11epapx11lJeCKl1X CTynettett: cj}11311lJeCKOH, cj}l1311KO

Xl1Ml1lJeCKOH, 611onor11lJeCKOH, COUI13JlhHOH II attTponoreHHOH, B pe3yJJhTaTe 

B3311MO)lettCTBl151 11Jll1 06be)l11HeHl15! KOTOph!X I1051Blli!IOTC51 HOBh!e Cl1CTeMbl -

3KOJJOr11lJecK11e 11 3KOHOM11tJecK11e. Hepapx11tJeCKIIe 3BOJJIOU110tt11py10m11e c11c

TeMhl, )JleMeHThl KOTOpblX CB513aHhl CTOTOKaMII serueCTBa, 3Hepr1111 11 HHcj)OpMa

UIIII, MOrYT 6hITh OTHeCeHhl KaK K ÒUHG.Mu<teCKUM, TaK 11 K CflO:JICHblM cucmeM(lJW. 
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3.2. CaMoopramna~IDI. Haqana nrnepreTHKH 

npaBH/\bHO B cj:>1111ococj:>1111 paCCM8Tpl188Tb CXOA

CTBO A8>Ke B Bell(aX, A8/\eKO OTCTO>lll(HX APYr OT Apyra. 

3.2.1. K116epttenfqecKHM 11 c11ttepreT11qecK11ì1 
rro~xo~bI K orr11camuo rrpo:ueccoB 
caMoopratt113a:u1111 

Ap11crnre11b 

Teopm1 CllCTeM, KaK li Kll6epHeTllKa, orrepllpyeT rrpellMyIUeCTBeHHO rrpe)l

CTaBJieHJUIMll o )lllCKpeTHh!X CllCTeMax. CllHepreTllKa OIIllChJBaeT peanhHhJe 

CllCTeMhl rrpellMyIUeCTBeHHO e IIOMO!llh!O HerrpepbIBHhlX MO)leneìi - mrneìi

Hh!X HJlll HeJlllHeHHhIX )lmpcpepeHL(llaJihHhIX ypaBHeHllH. 06a IIO)lXO)la rrpaBO

MepHhl, a rrpe)lIIO'ITeHllH B llX HCIIOJlh30BaHlll1 OCHOBhIBa!OTCH Ha oco6eHHO

CTHX CllCTeM . 

K116epHeT11Ka orrepllpyeT IIOHHTlleM «u11rjJopMaLfU5l», MaTep11aJihHh!Mll HO

CllTeJIHMl1 KOTOpoìi B 11HcpOpMaUllOHHhIX cernx HBJIHIOTCH 3HepreTll'IeCK11 cna-

6b1e «CllrHaJlhI» cp113H'IeCKOH l1Jll1 XHMH'IeCKOH rrpllpO)lhl. CllrHaJI MO)!(eT BOC

rrpllHllMaThCH opraHl13MaMl1 B <ÌJOpMe 3aKO)l11pOBaHHOro coo6meHllH o B03M0)!(

HOCTlf ropa3)l0 6onee MOIUHhlX BJlllHHllH CO CTOpOHhl !lpyrllX opraHH3MOB Jlll60 

cpaKTOpOB cpe)lhl , Bhl3hIBa!OIUllX llX OTBeTHYIO peaKL(ll!O, rrpll 3TOM CllCTeMa 

)lQJl)!(Ha «YMeTh» )leKO)l11pOBaTh 3TOT c11rHaJI . 

11HcpopMaJJttOHHa» cocTaBJI»IOIUa» KaK Heo6xo)ll1Moe 3BeHo caMoopraHll-

3au1111 B 3KOCl1CTeMax 6a311pyeTCH Ha CllCTeMe rreTeJih o6paTHhlX CBH3eìi, IIOJI0-

)!(11TeJihHhlX (yc11n11sa10m11x) 11 OTpllUaTeJihHhlX ( ocna6JJHIO!llllX), no KOTOphlM 

'IaCTh ClfrHaJIOB e Bh!XO)l8 Cl1CTeMhl (IIO)lCl1CTeMhl) rrocryrraeT o6paTHO Ha ee 

BXO,Zl. HaJIH'Ille rreTJill o6paTHOH CBH311, crroco6cTByIOIUeìi HapaCTaHHIO cpe)l

Heìi CKOpOCTH 3B0Jl!Ol(Hl1 rrpoueccoB, ITO,ZlTBep)!(,ZlaeTCH HaJ111'111eM e)ll1HCTBa li 

<ÌJYHKUllOHaJJbHOH B3allMOCBH3ll ClfCTeMHhlX KOMITOHeHTOB . 3HepreTl1'IeCKllH 

3<ÌJ<ÌJeKT UllKJia JII060if CllCTeMhl o6hl'IHO cymecTBeHHO rrpeBOCXO)lllT 3Hepr03a

Tp8Thl Ha rrepe.uaqy CllrHaJJa o6paTHOH CBH3ll. 

06pam11a51 C6fl3b 03Ha'IaeT rrepe.uaqy llH<ÌJOpMaUllll o pe3ynhTaTe n106oro 

rrpouecca K 11x rrepBOllCTO'IHllKy. B 1933 r. YonTep K :rnHOH B KHllre «My!lpOCTh 

Tena» BBeJI TepMllH roMeOCT83a (Kno)l EepHap (1813- 1878) 11crrOJ1h30Ban :no 

)!(e rroHHTHe, He BBO)l» crreullaJihHoro orrpe.ueneHH») li .uan orr11caHlle MHor11x 

caMoperynttpyIOIUllXCH MeTa60JIH'IeCKllX rrpoueccoB, HO He orrpe,UeJIHJI B HBHOM 

Bll.Ue 38MKHYThie rrpH'IllHHhJe rreTJJll, co.uep)!(am11ec» B HHX. BrrepBhie rrpe)l

cTaBneHHH o rreTJI»X o6paTHOH CBH3ll 6hJJill pa3BllThI B CTaThe Hop6epTa BllHe

pa, )],)j(yJittaHa nllrenoy li Aprypo P03eH6JJIOTa «flose)leH11e, uenh li Teneono
rn»» [2], orry6nllKOB8HHOH B 1943 r. AsrnphI rrpe.ucrnBllJIH H)le!O KpyroBoì1 

rrpH'IllHHOCTll K8K JlOrn'IeCKOH cxeMhl, Jie)j(ameif B OCHOBe KOHL(eIIUllll o6paT-
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HOH CB513H, H BnepBbie npHMeHHJIH ee K MO,LleJIH noBe,LleHH51 )!(MBblX opraHM3MOB. 

3aHMMa51 CTpory10 6HxeBMOpHCTCKyIO n03MUMIO (noBe,L1ew1eCKHe cpyHKUHM ,LIO

MMHMpyIOT Ha,LI C03HaHHeM), OHM yrnep)!():laJIH, 'ITO rroBe,LleHMe JII06ott MaWMHbl 

HJIM opraHM3Ma, xapaKTepH3y10meec51 caMoperynMposaHHeM rrocpe,LICTBOM 06-

paTHott CBH3H, MO)!(eT 6bITb Ha3BaHO «I.(eJieHarrpaBJieHHbIM», ITOCKOJibKY rrpe

CJie,LlyeT HeKyIO ueJih. OHM MJIJIIOCTpHposaJIH CBOIO MO,LleJib ueJieHarrpasJieHHOrn 

rroseneHMH MHOrD'IHCJieHHbIMM rrpHMepaMM: KOWKa JIOBHT Mb!Wh; co6aKa 6epeT 

CJie,LI; qeJIOBeK 6epeT CTaKaH CO CTOJia M T. ,LI. - M rrpoaHaJIM3HposaJIM 3TM rrpM

Mepbl Ha H3b!Ke 3aJIO)!(eHHbIX B HMX KpyrOBbIX cxeM o6paTHOH CBH3M. TaK KOH

uerruHH o6paTHOH CBH3H, BBe,LleHHaH KH6epHeTHKaMH, npHBeJia K HOBOMY ITOHH

MaHHIO MHOrHX caMoperyJIMPYIOlliHXCH npoueccos B 6HOCHCTeMax. 

TioH51TMe «HHcpopMauMH» o6perneT CMbICJI TOJibKO TOr,Lla, TOr,Lla MMeIOTC51 

CHCTeMbl, crroco6Hble KO,LIHposaTb H ,LleKO,LIHpOBaTb HH3K03HepreTH'IeCKMe CHr

HaJibl, BJIMHIOwHe Ha HX pa3BMTHe . TaKHM o6pa30M, wtr/JOpMalfUIO MO)!(HO orrpe

,LleJIMTb KaK o6MeH CBe,LleHHHMH (cHrHaJiaMH) Me)!(,Lly JIIO,LlbMM, qeJIOBeKOM M KOM-

11bIOTepoM, KOMnhIOTepoM H KOMITbIOTepoM, o6MeH CMrHaJiaMM B )!(MBOTHOM H 

paCTMTeJibHOM MMpe, nepe,L1a11y rrpH3HaKOB OT KJieTKM K KJieTKe, OT opraHH3Ma K 

opraHH3MY (reHeTH'IeCKa51 HHcpOpMauMH). l1HcjlopMaUMOHHbie 110TOKM 51BJI51IOTCH 

Ba)!(Hb!M cpaKTopoM 3BOJllOUMH npHpO,LIHO-aHTporroreHHbIX 3KOCMCTeM. 

CuHepzemuKa - Me)!(,LIMCUMITJlMttapHoe ttarrpaBJieHMe Hay11HhIX Hccne,Llo

BaHMH, B paMKax KOTOporo H3yqaIOTCH rrpoueCCbl rrepexo,Lla OTKpb!TbIX HeJIM

HeHHblX CHCTeM Me)!(,Lly KpaHH11MH COCTOHHl151M11 (rropH,LIOK - 6ecrropH,LIOK, pe

ry1rnpHOCTb - xaoc) B cpe,L1ax pa3JIH'IHOH rrp11pOL1bI. C11ttepreTttKa 113y11aeT 

KOJIJleKTl1BHOe (yrropH,LIO'IeHHOe B rrpocTpaHCTBe, KOorrepaTHBHOe) rroBe,LleHHe 

CJlO)!(HbIX CHCTeM e KorepeHTHblM (cornacoBaHHbIM BO BpeMeHH) B3aHMO,LlettcT

BHeM HX 3JleMeHTOB. 

TepMMH «CUHepzufl» B03HHK B aHTl1'IHbJe speMeHa 11, rosop51 cospeMeH

HhIM 513bIKOM, Bblpa)!(aJl npe,LICTaBJleHl1H 06 0,LIHOBpeMeHHOM B03,LlettCTBl111 Ha 

opraHl13Mbl cpaKTopoB BHeWHeM cpe,Llbl 11 BHyTpeHHeH npttpO,Llbl. .D:sa-Tp11 Be

Ka Ha3a,LI 3Tl1M 110HHTHeM CTaJIM nOJlb30BaTbCH Me,LIMKH, K KOTOpbIM rrpMWJIO 

OCQ3HaHMe Toro, 'ITO CJlO)!(eH11e XHMMKO-TeparreBTM'IeCKMX M CÌJM3H'IeCKMX Me

TO,LIOB Jie'IeHH51 ,LIOJI)!(HO 110,Ll'IMHHTbCH HeKHM 06m11M 3aKOHOMepHOCT51M. Tio3-

)!(e 11051BHJICH TepMMH «HeaòòumU6HOCn1b» , Bblpa3HBWMH rnasttoe CBOMCTBO 

CMCTeM: CBOMCTBa uenoro He CKJla,LlbJBaIOTCH apMcpMeTH'IeCKH 113 CBOMCTB qac

TeH. TaK, CBOHCTBa MHOroKJieTO'IHOro opraHM3Ma He CBO,Lll1Mbl K rrpOCTOMY 

CYMMHposatt1110 csoiicTB cnara10mMx ero KJieToK. B 611onorM11ecK11x CMCTeMax 

(6y.Llb TO opraHeJIJihI, KJleTKM MJIH 611oueH03bl) TepMHH «CHHeprHH» cpaKTH'Ie

CKM 03Ha11aeT, 'ITO B03,LleMCTBYIOmHe Ha HHX cpaKTOpbl BHewtteH cpe,Llbl H 

BHyTpeHHero pa3Bl1THH caMMX CHCTeM ,LleHCTBYIOT He cyMMapHO. 3To 11 eCTb 

np05!BJleH11e 11X HeJIHHeMHOCTH. Eìonee Toro, rrpOHBJIH51 CBOe B03,LleHCTBMe O,Ll

HOBpeMeHHO, pa3JIH'IHbie cpaKTOpbl MoryT B3aHMHO yc11JIMBaTb, Heì1rpa111130-

BbIBaTh MJIH yMeHbWaTb B3aHMHOe BJIH51HMe, 'ITO cnoco6Ho rrpHBO,LIHTb K He

nporno311pyeMOMY pe3ynbTaTy. 
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B JI11TepaType TaK>Ke 11cnoJih3yeTCll 11.ueHTl1'IHhIH no CMhICJiy, HO 6oJiee 

«6oraThIH» no co.uep)l(aH11JO 11 6oJiee .u11HaM11'!HhIH TepM11H «CaMoopramna

U11ll» )lJlll o603Ha'!eHl1ll Toro )!(e HanpaBJieHJ1ll HaY'!HOH Mh!CJil1. B 3TOM CMhICJie 

O)lHO 113 nepBhIX onpe.ueJieHl1H r. XaKeHa Cl1HepreTl1Kl1 KaK HayK11 o B3al1MO

.ueì1CTBl111 l!BJil!eTCll 6oJiee CTaTl1'IHhIM, noCKOJlhKY B HeM He 3aJIO)l(eHa 11)lel! 

pa3Bl1Tl1ll [3]. 

CaMoop2aHU3GlJU51. - 3TO npouecc ynopll.UO'IeH11l! B c11cTeMe 3a C'leT BHYT

peHHl1X cpaKTopoB, 6e3 1<a1<oro-JI1160 BHewttero ynpaBJll!IOIUero Bo3.ueì1cTBl1ll 

(C'Il1TaeTCll, 'ITO Mhl 11HTY11Tl1BHO IIOHl1MaeM, 'ITO TaKOe «ynopl!JlO'leHHOCTh»). 

TepM11H «CaMoopraH113aUl1l!» BnepBhie ynoTPe611JI Y11Jihl!M Pocc 3w611 B 1947 r ., 

B 1960-e rr. OH 11CIIOJlh30BaJICll B Teop1111 CHCTeM, a e 1970-x rr. CTaJI npHMeHl!Th

Cl! B cp11311Ke CJIO)l(HhlX CHCTeM. f. XaKeH Ha3BaJI Cl1HepreTl1KY HayKOH O CaMOOp

raHl13al\11H, KOTOpyIO, B CBOIO O'Iepe.uh, onpe,L1eJI11JI CJie):lyJOIUHM o6pa30M: 

«COM00p20HU30U,Ufl - npo1.1ecc ynop5!,LIOYeH"15l (npoCTpaHCTBeHHOro, BpeMeH
HOro 11n111 npoCTpaHcTBeHHO-BpeMeHHoro) B omKpb1mau cucmeMe - rncreMe, 
KOTOpa5! o6MeH"1BaeTC5l Bell.(eCTBOM 11 3Heprnei1 e BHewHeH cpeAOH, a Afl5l 61-10-
nornYeCKHX 111 3KonornYeCK"1X rnCTeM - ell.(e 1-1 111H<t>opMau111ei1 - Ja cYeT corna
cosaHHoro B3all1MOAeHCTBll15l MHO>Kecrna 3neMeHTOB, ee COCTaBn5llOU.(HX» (3] . 

B 3KOJior11'lec1<oì1 JIHTepaTYPe qacTo BCTPel!aeTCll TepM11H «caMopa3B11-

T11e», 6oJiee y3Kl1H no CMhICJiy, He)l(eJI11 TepM11H «CaMOOpraHH3aU11ll». C caMO

pa3BHTHeM CBl!3aHo, B nepsyIO O'Iepe):lh, npe.ucTaBJieH11e 06 OLIHOMepHOH 3BO

JIIOUl111 CHCTeMhl BO BpeMeH11, Tor.ua KaK CHHepreTHKa npe.n.noJiaraeT 3BOJIJOUHIO 

B npOCTPaHCTBe H BpeMeHH. )J,11cc11naTl1BHall caMoopraHH3aum1 CHCTeMhl npe.n.

noJiaraeT, LITO Cl1CTeMa OTKpbITa, co.n.ep)i(11T HeorpaHH'IeHHO 60JihWOe 'IHCJIO 

3JieMeHTOB (nO)J.C l1CTeM) 11 HMeeT CTau110HapHhlH ycTOH'IHBhlH pe)l(HM pa60Thl, 

Kor.ua 3JieMeHThl B3aHMO)J.eHCTBYIOT xaOTH'IeCK11 (HeKorepeHTHO, T. e . Hecorna

COBaHHO BO BpeMeHH). 

IlpoIJeccy caMoopzaHu3alJUU npucyU{u cJZeòy10Ufue xapaKmepucmuKu: 

• HMeeTcl! ofonaTeJihHhIH o6MeH 3Hepr11eì1 (3Hepr11eì1 11 BemecrnoM) e oK

py:JKaIOmeti cpe.n.oìi; 

• HMeeTCll Heo6XO)ll1MhIH 11 )J.OCTaTO'IHhlH Ha6op npl!Mh!X 11 o6paTHhIX CBll-

3eì1, nOJI0)1(11TeJihHhlX 11 OTpttuaTeJihHhJX; 

• MaKpOCKOnH'!eCKOe noBe)J.eHHe Cl1CTeMhl OilHChJBaeTCl! HeCKOJlhKl1Ml1 Be

Jll1'IJ1HaMl1 (napaMeTPOM nopll.JJ.Ka 11 ynpaBJil!IOIU11Ml1 napaMeTPaM11) ; 

• np11 npeO)J.OJieHl1H HeKOTOporo Kp11Tl1'IeCKOro 3HaLieHl1ll ynpaBJil!IOIUero na

paMeTPa ( CBll3aHHoro e nocrynJieHHeM 3Heprnu/Bemecrna) cucTeMa cnoH

TaHHO nepeXO)ll1T B HOBOe ynopll)J.O'IeHHOe COCTOl!HHe, LITO n03BOJil!eT CKa'I

K006pa3HO yBeJIH'IHTh )lHCCHIIaUHJO 3Hepr11H H 3KCIIOpT 3HTPOIIH11; 

• HOBOe COCTOl!HHe o6ycJIOBJieHO cornacoBaHHhIM (KorepeHTHhlM) noBe)J.e

HHeM 3JieMeHTOB Cl1CTeMhl , 3cpcpeKT ynopl!JlO'leH11ll npOl!BJil!eTCll TOJihKO 

Ha MaKpOCKOn11LieCKOM ypOBHe; 
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• HOBOe COCTOlIHHe cymecrnyeT TOJ!bKO rrpH 6e30CTaHOBO'-IHOM IIOTOKe ::mep

fHHI Bell(eCTBa B CHCTeMy; 

• rrpH ysem1T.JeHHH HHTeHCHBHOCTH o6MeHa CHCTeMa rrpoxO.LIHT T.Jepe3 plI.LI 

cJie.L1y10mHx KpHTHT.JeCKHX rrepexO.LIOB, B pe3ynhTaTe T.Jero CTPYKTYPa yc

JIO)!(HlieTClI BITJIOTb .LIO B03HHKHOBeHHlI xaoca. 

B yqe6HHKax o6hJT.JHO rrpHBO.LllIT TPH rrpHMepa caMooprattH3auHH: na3ep 

KaK rrpHMep rrpocTpaHCTBeHHoro yrroplI.LIOT.JeHHlI; KOHBeKnlBHbJe lIT.JeHKH P1-
nelI-Eettapa KaK rrpHMep rrpocTpattcrneHHoro yrroplI.LIOT.Jemrn; rrepHO.LIHT.Je

CKYIO XHMHT.JecKyio peaKUHIO Eenoycosa- )Ka6oTHHCKoro KaK rrpHMep rrpo 

CTPaHCTBeHHO- speMeHHOro yrroplI.LIOT.JeHHJI. 

Ho6eneBCKHH IIaypeaT 11. P. IlpHfO)!(HH C03.LlaJI O.LIHY H3 HeJIHHeHHhJX MO

,Lleneii peaKl{HH oeJIOyCOBa- )Ka6oTHHCKOfO, TaK Ha3bJBaeMhIH 6p!OCCeJIJITOp. 

TaK KaK .LIJllI B03HHKHOBeHHJI yrroplI,LI04eHHlI B IIO.LI06Hh!X CHCTeMax He06XO.LIHM 

rrpHTOK 3HeprHH, ee ,LIHCCHIIal(HlI H OTTOK 3HTPOITHH, IlpHfO)!(HH Ha3BaJI 3TH 

CHCTeMbl .LIHCCHIIaTHBHblMH [ 4] . Bcne,LICTBHe HeJIHHeHHOCTH H HaJIH'-IHJI 6onee 

0.LIHOfO ycTOH'-IHBOfO COCTOJIHHJI B 3THX OTKpb!TblX CHCTeMaX He BblITOJIHJieTClI 

TeopeMa IlpHfO)!(HHa o MHHHMYMe rrpOH3BO.LICTBa 3HTpOIIHH. 

MeTO,Llbl CHHepreTHKH 6b!JIH HCIIOJJb30BaHbl rrpaKTHT.JeCKH BO scex Hayq

Hb!X .LIHCl\HIIJJHHax: OT cpH3HKH H XHMHH .LIO COl{HOJIOfHH H cpHJJOJJOfHH. f'pa.LIO

o6pa30BaHHe H pa6oTy HettpOHHbIX CeTeH IIb!Ta!OTClI OIIHCaTb KaK .LIHCCHIIa

THBHbJe CTPYKTYPhI. B rrocrre,L1Hee speMlI rrio6alI cHcTeMa eCTeCTBeHHOro rrpo

HCXO)!(.LleHHlI , He COOTBeTCTBYIOll(aJI KpHTep11lIM paBHOBeCHOH TepMO.L111HaMl1KH, 

paccMaTpHsaeTcJI KaK caMoopraHH3yiomaJICJI. 

B 1987 r . .Llpyroì1 Ho6e11eBCKHH naypeaT )Katt -MapH JleH, OCHOBaTeJib 

cyrrpaMOJJeKyJJJipHOH XHMHH, pa3,LleJJHJJ TepMHHbl «CaMoopraHH3al(HlI» H «Ca

MOC60pKa», BCJJe,LICTBHe Heo6XO.LIHMOCTH OIIHCaHHlI lIBJieHHH yrroplI,LIOT.JeHHlI B 

CHCTeMax BblCOKOMOJJeKyJJJipHblX coe,LIHHeHHH rrpH paBHOBeCHbIX ycJIOBHlIX, B 

T.JaCTHOCTH o6pa30BaHHJI ..QHK. :VbyYeHHe semeCTBa B HaHOCOCTOJIHHH, o6pa-

30BaHHe CJJO)!(HOH CTPYKTYPhI B rrpollecce KpHcTaJJJIH3al(HH 6e3 BHewttero B03-

.LleHcTBHJI TaK)!(e ITOTpe6osaJJH OIIHCaHHJI 3THX lIBJieHHH KaK caMoopraHH3al{HH. 

0.[IHaKO 3TH lIBJJeHHlI rrpOHCXO.LllIT B ycJJOBHJIX, 6JIH3KHX K TepMO,LIHHaMHT.JeCKO

MY ·pasttosecHIO, rro3TOMY pasHoseCHbie cpa30Bhie rrepeXO.LlhI, TaKHe KaK KpH

cTaJIJIH3al{HJI, TaK)!(e MOfYT paccMaTpHBaTbCJI e II03Hl{HH CHHepreTHKH. TaKHe 

lIBJieHHlI orrpe,LleJJJIIOT KaK KOHCepBaTHBHYIO caMoopraHH3al(HIO. 

HaH6011ee o6ll(HM o6pmoM MO)!(HO rrpe.LICTaBHTh ce6e, T.JTO rrpol\eCcb1 caMo

oprattmauHH MOfYT rrpoHCXO.LIHTb B .LIH HaMHT.JeCKHX CHCTeMax .LIBYMJI IIYTJIMH: 

• B HepapXHlJeCKHX CHCTeMax IIO.LI yrrpaBJieHHeM crra6bJX CHrHaJIOB, HMe!O

ll(HX B03M0)!(H0CTb 3a CT.JeT CTPYKTypHo- cpyHKUHOHaJlbHblX CBJI3eì1 CHCTe

Mbl y rrpaBJilITh rroToKaMH 3HeprHH H semecTsa, C03.LlaBaJI HOBbie CTPYKTY

pbI (KH6epHeTHT.JeCKHH crroco6); 

• B CeTeBbIX CHCTeMax 3a CT.JeT Herrocpe,LICTBeHHOfO HeJJHHeHHOfO B3al1MO

,LleHCTBHJI ITOTOKOB 3HeprHH H Bell(eCTBa B OTKpb!Tb!X CHCTeMaX, cpopMH

pyiomero HOBhie .L1HCCHrraTHBHb1e CTPYKTYPhI ( CHHepreTHT.JecKHH crroco6) . 
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TeM He MeHee, B 3Tl1X npe,nenhHhJX cny<iaHx noHBJ1eH11e B ::ison1011110H11-
py10m11x Cl1CTeMax HOBblX, 6onee CJIO)KHbIX CTpyKTyp, Tpe6yeT onpe,neneHHbIX 

3HepreT11qec1<11x pacxo,noB. A nocKOJJhKY 3Hepr11H He B03H111<aeT 11 He 11cqe3aeT, 

TO pe4b 11,neT 06 06m11x 3aKOHax npeo6pa30BaH11H cpopM 3Heprn11, 113yqaeMhIX 
TepMo,n11HaM111<oì1. HmKe Mhl 6y,neM rosop11Th 06 oco6oM 611onornqec1<0M ypos

He caMoopraH113aJJl111, KOr,na B opraHl13Max 11Jll1 Ha ypoBHe 3KOCl1CTeM npm1c

xo,n11T caMoopraHl13aJJl1H COOTBeTCTBeHHO MOJJeKyAApHbIX 11Jll1 MaKpOCKOn11'1e

CKl1X Maw11H, Ka)!(,naH 113 KOTOphIX caMa no ce6e cnoco6Ha npeo6pa30BbIBaTh 

BemecTBO, 3Heprn10 11 11HcpopMa111110. PaccMOTpett11e no.no6HhIX c11cTeM 06be
.n11HHeT K116epHeT11'1eCKl1H 11 Cl1HepreTl14eCKl1H no,nxo,nbl K on11caHl1!0 npo11ec
COB caMOOpraH113a111111. 

B paMKax coBpeMeHHOH ::i1<onorn11 nepennen11cb 11 cpocn11cb mepMoÒwtllJwu

Ka (HaYKa o noTOKaX 11 npeo6pa30BaHl111 cpopM 3Heprn11), </JU3U'leGKaR XUJWU5l u 

6uoxUJWwz (Hay1<11 o MexaHl13Max npeo6pa30BaH11H semecrn), Ku6epHemuKa (HaYKa 
o 3aKOHax ynpasneHl1H B Cl1CTeMax) 11 CUHepzemuKa (HaYKa o Hea.n,nl1Tl1BHO cna
ra!Oll(l1XCH cpaKTopax BHeWHHX B03,neHCTBl1H Ha Cl1CTeMhl 11 BHyrpeHHl1X B3al1MO

,neì1crn11ì1). CoBMecrno OHl1 cpopM11PYIOT cpyH,naMeHT 6uo<jJU3uKu - HaYf<11 o Me

xaHl13Max 611onornqec1<11x npo11eccos. l1cTop11qec1<11 611ocp11311Ka 6onhweì1 qa

CThlO ycrpeMJJeHa K BbIHCHeHl1!0 KJJeT04HbIX 11 MOnerynHpHblX MexaHl13MOB 

<PYHKIJl10H11pOBaHHH )!(11BOro, HO HapacTaeT 11 ,nB11JKeH11e B MaKpOM11p. Ilo,no6HO 
TOMY KaK B CB011X no,nxo,nax coe,n11HHIOTCH cp11311Ka 3JleMeHTapHbIX t.IaCTl11J, Teo

pHH llOAA 11 KOCMOcp11311Ka, TaK )!(e 11 611ocp11311Ka Bee 6onee OXBaTbIBaeT o6ll(l1M 

rro,nxo,noM cp11311ry 611onornqec1<11x rrpo11eccos Ha MoneryAApHOM 11 611occpepttoM 

yposHHx, MexaHl13Mhl 11 Kpl1Tep1111 611onornqec1<oì1 ::ison10111111. Ta1<11M o6pa3oM, 
611oqrn311Ka, CTaBWM, no cymeCTBy, BeTBblO TeopeTl14eCKOH 611onor1111, MO)!(eT 

KOHCTPYKTl1BHhIM o6pa30M cnoco6crnosaTh ynopH,not.IeH1110 3HaH11ì1 11 pa3B11T1110 

yMeHl1H COBpeMeHHOro o6mecrna 11 B o6naCTl1 rno6anbHOH 3KOJIOfl111 . 

C11HepreT11Ka co3,nana rrpe,ncTasneH11H o npo11eccax, KOTOpb1e B rrp11H1111ne 

He Moryr 6bITh rrOHHThl 11 on11caHhl ,neTepM11H11cT11'1ec1<11. K TaKl1M rrpo11eccaM 
OTHOCHTCH rrepexo,nHbie npo11eCCbl B HBJJeHl1HX caMoopraHl13aJJl111 . B noporo

BOM COCTOHH1111 Tet.IeH11e npo11eccos Heo,nH03Ha4HO 113-3a BHeWHl1X B03,neHCT

Bl1H 11 cpnyKTya1111ì1 B Cl1CTeMe, TaK )!(e KaK 11 Herrpe,nc1<a3yeMa HOBaH opraHl13a

IJl1H, B03H111<a10maH nocne rrpoxoJK,neH11H nopora - «T04Kl1 611cpyp1<a111111», 1160 

B MOMeHT nepexo.na Cl1CTeMa Haxo,n11TCH B TaKOM COCTOHHl111, o KOTOpOM 

11. P. Tip11roJK11H rosop1rn, t.ITO OHa OKa3bIBaeTrn e,n11HospeMeHHO sceM, 'leM 

OHa MO)!(eT 6bITh [ 4]. MHorne rrpo11eccb1 conposo)!(_na10TCH Kone6aHl1HMl1 (My-

3hIKa, nepeMeHHhIH TOK, cep.n11e611em1e, cyTOt.IHhie 1<one6aH11H TeMnepaTyphI, 

11eH006pa30BaH11e 11 T. ,n.), HO, HeCMOTpH Ha pa3JJl1'1HYJO np11po.ny, KOne6aTeJJh
HblM c11cTeMaM csoìicrneHHhl 06m11e 3a1<0HoMepttocT11. Tio::iToMy Teop11H 1<one-

6aH11ì1, oco6eHHO Teop11H HeJ111HeHHbIX KOJ1e6aH11H, CTaHOBl1TCH o,nHOH 113 oc
HOBHbIX 6a30BbIX COCTaBJIHIOll(l1X 3KOCUHepzemUKU. 

Ilapa.n11rMhl Cl1HepreTl1Kl1 OTJll14a!OTCH no T11naM caMoopraH113a111111 ( cnoH

TaHHOro B03Hl1KHOBeHl1H ynopH,n04eHHOCTeì1). 
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B napaA"1rMe A"1c01narnBHblX crpyKryp paccMarp1-1saerrn caMoopraHH3al.\HS1 

B cpH3H4€CKOM npocrpaHCTBe, rAe HenocpeACTB€HHblM o6pa30M conpS1ratoTCS1 

npOL\€CCbl rpaHccpopMal.\HH 3HeprH"1 "1 B€U\€CTBa. 

Cne.nyer 3aMennh, qro paccMorpettHe npoueccos caMoopraHH3aUHH MO

)KeT npo11cxo.n11Tb H a paMKax .npyro?i napa.n11rMh1, Kor.na cornacyIOTCll He Ma

rep11aJihHb1e o6beKTbI a reoMeTpH4eCKOM npocrpattcrse, a npoueccb1 B cpa3o

BOM npocrpaHCTBe. 

TaKHM o6pa30M, BblS1BJleH1-1e CHHeprern4eCKHX 3aKOHOMepHocrei1 no3BOllS1eT HH

repnpernposarb pa3J1H4Hbl€ S1BJ1€HHS1, o6yCJlOBJ1€HHble B3aHMOA€HCTBH€M caMOOp

raHH3YIOU\HXCS1 3KOCHCTeM e BH€WHHMH cpH3H4€CKHMH H XHMH4€CKHMH cpaKTopaMH 

npHpOAHOro H aHrponoreHHOro npOHCXO>K,[\€HHS1, MOAellHPOBaTb AHHaMH4€CKHe 

npOL\€((bl B03HHKHOB€HHS1 npocrpaHCTBeHHO-BpeMeHHblX crpyKryp B MHOrDKOM

noHeHTHblX 01CTeMax pa3J1H4HOH npHpOAbl Ha MaKpOCKOnH4€CKOM yposHe. 

B cospeMeHHOM npeAcrasneHHH 3KOJ10rHS1 - HayKa o MexaHH3Max B3aHMOAeH

CTBHS1 H COBM€CTHOM pa3BHTHH 6HOTH4€CKOH, a6HOTH4€CKOH H COL\HaJlbHOH cpeA 

Ha 3eMJle, HJlH, HHblMH CJlOBaMH , 3KOJ10rHS1 eCTb 01CT€MHaS1 HayKa o COBMeCTHOM 

pa3BHTHH {K03BOJ1IOL\HH) He>KHBOH H >KHBOH npHpOAbl e y4aCTHeM COL\HyMa H, B 

nepcneKrnse, - HayKa o pal.\HOHaJlbHOM ynpasneHHH Hooccpepoi:i s rpaHHL\aX ee 

ycroi14HBoro pa3BHTHS1. Pa3Aen ecrecrB03HaHHS1, HMetoU\HH Aeno e cpH3H4eCKH

MH H cpH3HKO-XHMH4€CKHMH MexaHH3MaMH conpS1>K€HHOro cpyHKL\HOHHpOBaHHS1 

>KHBblX 01CT€M scex ypOBHeH, OT KJ1€T04HOro AO 611occpepHoro, BKJlto4aS1 HX Ma

TeMaTH4€CKOe onHcaHHe, L\el1€C006pa3HO C4HTaTb 6HocpH3H4€CKOH 3KOJ10rHeH. 

Crparer11qecKall YaCTb 3Konortt11 ttanpasJieHa Ha peweHHe rno6aJihHOH 

npo6neMhI KOHTp01mpyeMoro H ynpasnlleMoro cymecrsosaHHll YeJioseYecraa 

KaK COCTaBHOH 4aCTl1 3BOJI!OUHOHHpy!OlUeH 611occpepb!. I1paKTl14eCKall (TaKTl1-

4eCKall) qaCTb - Ha cpopMHpOBaHHe paUHOHaJibHOro (HHTeHCHBHOro 11 3KCTeH

Cl1BHOro) npHpOAOflOJib30BaHHll H 3KCnnyarau11H np11po.L{Hb!X pecypcos, a TaK

)Ke Ha oxpaHy npHpO.L{bl. I103TOMY ueJJb!O 3KOJIOfHl1 llBJilleTCll HCCJie,L{OBaHHe 

np11411H HapyweHHll 3KOJiornqecKOH ycrofiqHBOCTH 6ttoccpepbl (B coapeMeHHOH 

TpaKTOBKe - HOOccpepbl) KaK rno6aJihHOH 3KOCHCTeMbl [5]. 

3.2.2. HemrneìfHOCTh 11 caMoopraH113aum1 

B HellHHei1Hoi1 cpeAe eCTb HAeallbHblH cneKTP 

<j>opM, KOTOpblH 04eHb yCTOH4HB. Xorn 3THX <!>OPM MHO

ro, OHH He npoH3BOl\bHble, a BnOl\He onpeA6116HHble. 

C. n. KYPAIOMOB 

He.nwteUHOCmb l!BmieTCll 0,L{HHM H3 OCHOBHhlX flOHllTHH C11HepreTl1Kl1. 

HeJIHHeHHhl Bee 0Kpy)Ka!Owl1e Hac npouecCbl - OT ll.L{epHb!X peaKUl1H, pa60Thl 

cep.neqHo-cocyi:111cro?i c11creMbJ H scero opramI3Ma s uenoM 11 o6bJ4Horo 
TBOp4eCKoro npouecca AO 3H.UO- H 3K3oreHHhJX npoueccos Ha 3eMne, scnh1weK 
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Ha ConHue 11 0Kpy)!(a10m11x Hac cou11anbH0-3KOHOMH'IecK11x H3MeHeHHH. Ecn11 

np11 113yqeHl1H Jll1HeHHOH CHCTeMbl L(OCTaTO'IHO npoaHaJil1311pOBaTb Ml1H11M)'M 

ynpaBmllOll.(11X napaMeTPOB L(Jlll nonyt.JeH11ll ycnOBl1H paBHOMepHb!X 113MeHe

H11H, TO Hen11HeHHb1e c11cTeMbI 113611paTenbHbI, MHororrnaHOBbI 11 TPYLlHO npo

rH0311pyeMbI. 3aKOHOMepHOCTl1, cnoco6Hhfe on11CbJBaTb .[{11HaMl1KY rapMOHl14e

CK11X ( Cl1HYCOl1.[laJlbHbIX) KOne6aHl1H, He roL(Hbl B cnyqae npOXO)!(L(eHHll Cl1rHa

na qepe3 cpeL(y. H e.JlUHeUHGfl cucmeMa - m rnaMl14eCKall Cl1CTeMa, B KOTOpOH 

npoTeKalOT · npoueccbI, on11cbrnaeMhie HemrnettHhIMl1 LtmpcpepeHu11aJibHbrM11 

ypaBHeH11HM11. Csoiicrna 11 xapaKTep11cT11K11 Hen11HettHOH c11cTeMbI 3aBHCllT OT 

ee COCTOllHl1ll . B OTJlH'IHe OT flWteUHOU cucmeMbl OHa He o6nanaeT CBOHCTBaM11 

cynepn03HU1111: YaCTOTa BbIXOL(HOro c11rHana 3aBHC11T OT ero aMCTJl11TYLlbl 11 np. 

B HeJI11HettHblX Cl1CTeMax c peL(a cymecTBeHHO 113MeHlleT <PopMy CHrHaJIOB 11 HX 

cneKTpanbHbie xapaKTep11cT11KH (Hanp11Mep, qacToTy) . TaK, np11 BhICOK11x HH

TeHCHBHOCTllX na3epHoro H3JIY4eHHll HJ111 3BYKOBhIX BOJIH npH npOX0)!(L(eHHl1 

qepe3 cpeny B HX cneKTpax MOrYT TIOllBl1TbCH «BblCWHe» rapMOHHKl1 e YLlBOeH

HOH, yTpoeHHOH 11 T. L(. YaCTOTOH. TioLto6HbJe H3MeHeH11ll 6yLtyT BcerL(a xapaK

Tep113oBaTh 11MeHHO L(aHHYIO cpeLty . 

.ll,11crnnarnBHb1e npyKTypbl - perym1pHb1e 06pa3osaH11si B npocrpaHCT
se/speMeH11, B03Hl1KalOU(l1e B OTKpblTblX 01CTeMax B ycnoBl1SlX ,l\11C01rial.\1111 3Hep

rl111 (paccesiH11si e noH11>KeH11eM ee Ka4ecrna AO rennosoc:i). nosb1weH11e ynopsi
.L\04eHHOCTl1 BHyrp11 01CTeMbl (nOHl1>KeH11e 3HTpon1111) e He06XO,l\11MOCTblO conpo

BO>K,l\aeTCSl pa3ynopsi,l\o411BaH11eM BHewHeCi cpe,l\bl {3KcnopTOM 3HTpon1111) . 

3T11 npeLtCTasneHHll 6brn11 pa3Bl1ThI B cepeLtttHe npownoro BeKa Ho6eneB-

CK11M naypeaToM H . P. ITpttro)!(HHhIM [6]. HM )!(e npeLtJIO)J(eHo o6pa3Hoe Bb1pa

)!(eH11e «CTpena BpeMeHH», 0Tpa)!(a10mee Heo6paTHMhIH XOLl npoueccos s 3Bo

n10u110Httpy10m11x CHCTeMaX, B TOM 411CJle 3KOJl0fH4eCKl1X - np11pOL(HbIX 11 

npttpOLtHO-aHTponoreHHhIX. Paccel!HHe 3anaceHHOH B c11cTeMe 3Heprntt (òuc

cuna4uR) 11Jll1 ee npOTOK He06XOL(11Mhl, HO He TOJlbKO KOJlH'IeCTBO ee B nepBylO 

oqepeL(h cpopMHpyeT xapaKTepHblH BH.[l o6pa3ylOll.(11XCll L(HCCHTiaTl1BHhlX 

CTpyKTyp, a oco6eHHOCTH BHyTpeHHHX CBll3eH B CHCTeMe, KaHaJil13Hpy10m11e 

rIOTOKH :rneprHH Il onpeL(eJll!IOll.(11e TpaeKTOpHIO 3BOJIIOUHH KaK CHCTeMhl B ue

JlOM, TaK H
0 

ee TIOL(CHCTeM. 3To MoryT 6bITb, K np11Mepy, MeTa60JIH4eCKHe rryTH 

B )!(lfBhlX KJleTKax HJIH Tpo<PttYeCKHe ceTH B 3KOCHCTeMax. 

Heycmoul./ueocmu Senapa, 11n11 R'leuKu EeHapa, - 3TO rrp11Mep HeycToii

'IHBOCTH CTaUHOHapHoro COCTOllH11ll, npHBOL(llll.(eH K B03HHKHOBeHHIO cnoH

TaHHOH opraHH3aUHH B CHCTeMe, T. e. nopllL(Ka Yepe3 xaoc. 3Ta HeycTOHlJH

BOCTh B03Hl1KaeT B ropH30HTaJihHOM cnoe )!(HL(KOCTH npH HaJIH41111 BepTHKaJlh

HOro rpaLttteHTa TeMnepaTyp. fpaHH'IHhIM ycnos11eM npouecca HBJIHeTcll 

HarpeB Hl1)!(Hero cnoll LtO 3aL(aHHOH TeMnepaTyphI (npome rosopH, HarpesaeTCll 

COCYLl e Bll3KOH )!(11L(KOCThlO, Hanp11Mep e CHJlHKOHOBb!M MaCJIOM, npH 3TOM L(HO 

c ocyLta LtOJI)J(HO nporpeBaThCll paBHOMepHo, a Macno He LtOJI)!(HO K11neTh) . B pe-

3YJibTaTe B03HHKa10mei-i pa3HOCTH TeMneparyp (Me)!(L(y L(HOM H noBepxHOCTblO) 

B )!(HL(KOCTH yCTaHaBJIHBaeTCll HLlYll.\HH CHH3Y BBepx noTOK TennOThl. Koma 
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TeMrrepaTypHhIH rpa.n11eHT .nocT11raeT HeKOToporo rroporosoro 3Ha'1eHm1, cTa

u110HapHoe COCTOHH11e )!(11.z:IKOCT11, rrp11 KOTOpOM rrepeHOC Terrna ocymeCTBJUl

eTCH TOJihKO rrocpe.ncTBOM MOJieKynHpHoro TerrnorrepeHOCa (6e3 KOHBeKu1111), 

CTaHOB11TCH HeycTOH'111BhlM. Ha 3TOM 3Tarre 3a C'leT KOHBeKl.(1111 B03H11KaeT KO

repeHTHOe ( cornacosaHHoe) .ns11)!(eH11e MOJieKyn, 11, cne.nosaTeJihHO, rrepeHoc 

Terrna yseJI11'111BaeTCH. IloTOK11 HarpeTOH )!(11.z:IKOCT11 OT coce.nH11X H'leeK 06be

.l\11HHIOTCH B CBOeM .l\B11)!(eH1111 BBepx, a ITOTOK11 OXJia)!(.z:leHHOH - BH113 

(p11c. 3.1 ). 3T11 KOHBeKT11BHbie H'1eHK11 copraH113YIOTCH B rrpOCTPaHCTBe (rrp11 

paBHOMepHOM rrporpese CH113Y OH11 CTaHOBHTCH O.l\11HaKOBbIM11, a 06pa3y10maH

CH CTPYKTypa e Ha116onee rrJIOTHoii yrraKOBKOii - reKcaroHaJihHoii) (p11c. 3.2). 
06Hap~eHO eme O.l\HO 3aMe'1aTeJihHOe CBOHCTBO 3TOH .n11cc11rraT11BHOH 

C11CTeMbl. Ilp11 rroCTerreHHOM ysen11'1eH1111 Harpesa C11CTeMbl caMoopraH1130BaB

Ill11HCH perymi:pHhIH KOHBeKT11BHhIH pe)!(11M CphIBaeTCH B xaOT1!'1eCK11H, fIOCKOJihKY 

t r-1 
Tennora 

P111c. 3.1. 06pa3osaH111e repMOKOHBeKTlllBHblX HYeeK 5eHapa 
s no,qorpesaeMoili BH3Koili )f(lll,QKOCTlll 

a) 6) 

P111c. 3.2. 5'IYeiliK111 5eHapa: a) - none HYeeK 5eHapa; 6) - HYeiliK111 5eHapa 
B y0en111YeHHOM Macwra6e (9111,QHbl KOHBeKTlllBHble nOTOKlll )f(lll,QKOCTlll) [31] 
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Pe)f(lllM 

o 

TeMnepaTypa 

P111c. 3.3. CxeMaTlil4ecKOe npeAcrasneHlile B03HlllKHOBeHlilH pe)f(lilMOB reHepa1.1111111 pe
ryns:ipHblX KOHBeKTlllBHblX AlilCClilnaTlilBHblX CTPYKTYP (H4eeK oeHapa) B 38BlllClilMOCTlll 
oT reMneparypbl Hlil)f(Hero cnos:i )f(lllAKOCTlll (reMneparypa sepxHero cnos:i onpeAens:iercs:i 
reMnepaTypoel B03Ayxa lii seprnKanbHblM rennonepeHocoM): O lii 1 - xaorn4eCKlilC1 

lii peryns:ipHblel pe)f(lilMbl 

esodi npocrpattcTBeHHOH CTPYKTJ'POH ~e He MO)f(eT o6ecne411Th tteo6xoA11-

MhIH npOTOK TenJIOTbl. 0AH3KO np11 A3JlhHeì1rneM yseJI!1'IeHl111 Harpesa BHOBb 

o6pa3yeTC51 nOA06Ha51 npeArnecrneHH111W perynHpHa51 reKcarottaJihHa51 cTpyK

Typa KOHBeKTl1BHhlX 514eeK, HO y)f(e e MeHhilll1Ml1 11X pa3MepaMl1 (pnc. 3 .3 ). 
J1 T3K nOBTOp51eTC51 HeCKOJlhKO pa3 (AO 7 pa3 B 33BHCHMOCTH OT T11na )f(H.[(KOCTl1 

H «KOHCTpyKUH11» Cl1CTeMbl) . 

TaKHM o6pa30M, B03HHK3JOJUa51 npn onpeAeJieHHOM rpaAHeHTe TeMnepaTyp 

KOHBeKUH51 nop0)1(,[(3eT CJIO)f(HYJO npocrpaHCTBeHHYJO opraHl133U11JO CHCTeMbl, 11 

opraHH30B3HHOe ABH)f(ett11e )1(11.[(KOCTH n03BOJI5leT Bh!HOCl1Tb Hapy)f(y 113 Cl1CTe

Mbl 60Jibille TenJIOTbl H, COOTBeTCTBeHHO, yseJil1'IHB3Tb 3 KCnOpT 3HTpOn1111. 

CKa4KH s pacce5!H1111 11 AHCc11nau1111 3 Heprn11, a TaK)f(e s npo113BOACTBe 3HTpon1111 

COOTBeTCTBY!OT T04K3M 6mpypKau1111 . PaCCMOTpeHH351 H3MH CHCTeMa OTHOCl1TC51 

K caMoopraHI13YJOIU11MC51 CJIO)f(Hb!M CHCTeMaM, KOTOpb!M CBOHCTBeHHO CK34KO

o6pa3HOe H3MeHem1e COCT051H1151 npn npOX0)1(,[(eHl1H TO'IKH 6mpypKaUHH. 

3.2.3. 3BOJUOIJ;IDI CHCTeM, 6mpypKaIJ;HH, ycToiiqHBOCTh 

Kor,[(a Mb! rosopHM o npnpOAHhIX CHCTeMax, caMblM CJIO)f(Hh!M H3M rrpeA-

CT3BJI5leTC51 cospeMeHHOe orrpeAeJieH11e )f(HBblX Cl1CTeM. 

CneAy51 Jl. A. 61110MeHcjJe11bAY, )f(HBb1e CHCTeMbl - 3TO MaKpOcKonH4eCKHe, AHC

KpeTHble, OTKpblTble ClllCTeMbl, cnoco6Hble K caMonoAAep)f(aHlillO H caMOBOC

np0!-13BeAeHlillO, aAanraulilH lii 3so11101.11111-1 s coornerasy10w,1-1x MacwTa6ax spe

MeHH [7). 
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B paMKax :noro onpe.ueneHm1 He TOJihKO OT.UeJihHhie opraHl13MhI, HO 11 ue

JihJe 611oueH03hl 11 ) KOCl1CTeMhl MoryT paccMaTp11BaThC51 B Ka'!eCTBe ueJihHhIX 

)!(11BhIX c11cTeM. J.J,eì1cTBHTeJihHO, '.:lKOJior114ecK11e c11cTeM bl 51BJI51IOTC51 CTPYK

TypHo H 11HQJOpMaUl10HHO caMopa3Bl1BalOll(11Ml1C51 TepMO,UHHa Ml14eCKl1 OTKphl

Th!Ml1 CHCTeMaMH , npe,UCT8BJI5110ll(11MH COBOKynHOCTh 6110T H'leCKl1X H a6HOTl1-

4eCKl1X KOMnOHeHTO B B npe.uenax KOHKpeTHh!X npocTpaHCTBeHHO-BpeMeHHh!X 

rpatt11u. ITp11 3TOM 3 Koc11cTeMhl xapaKTep113yIOTC51 nepB114HOCThlO sHyTpeHHHX 

Cl1CTeMHhlX CB513ett no OTHOWeHl1!0 K BHeWHl1M 11 np11pO!lHhJX - no OTHOWe

H11IO K attTponorettHhIM . Bee )!(11BOe Ha scex ypostt51X opratt11J au1111 .u11cKpeTHO, 

XOT51 rpaHl1Uhl MoryT 11MeTb pa3Mh!Th!H xapaKTep, a B MO,Uem1x MOryT 11CnOJih-

30BaThC51 npe.uCTasJieHH51 o pacnpe.ueneHHhIX cpe.uax . 

Oco6o cne.uyeT no.u4epKHYTh sa)!(HOCTh nott51Tl151 «ca.Moop2am13a4uR» KaK 

JJJeMeHTa npouecca 3BOJJIOUl111, cocT051ll(ero s o6pa3osatt1111 npocTpaHCTBeH

Ho-speMeHHhlX CTPYKTYP B HepasttoseCHhIX c11cTeMax. ITo.u TepMHHOM «360-

11104uR» nOHHMaeTC51 He CTOJlbKO Ha6JIIO)laeMoe CO BpeMeHeM 113MeHeH11e 

<jJyttKu11ì1 11 CTPYKTYPhI c11cTeMbI , CKOJJbKO 11x cosMecTttoe p a3s11T11e. B .u11Ha

Mw-1ecK11 pa3BHBa!Oll(HXC51 CHCTeMax, a TaK11e CHCTeMbl MOfyT 6b!Tb reoJior11-

'1eCKl1MH , QJH3HKO-XHMH'IeCKHMH, 6HOJIO f H'leCK11Ml1 11 .upyrHMH, Mhl CTpeMHM

C51 npoattaJil1311pOBaTb MexaHl13Mbl B03Hl1KHOBeHJ151 B Hl1X npOCTPaHCTBeHHO

BpeMeHHhlX peryn51pHblX cTpyKTyp. l1MeHHO 3TOT npouecc 06ycnos11JJ B03-

MO)!(HOCTb Il051BJJeHl151 )f(J13Hl1 B a611oreH HOH cpe.ue. 

<Dl'13HKO-XHMH4eCKHH H Ha,D,opraHH3MeHH bl H ypoBHH 5lBJHllOTC51 aKTHBHblMH 

cpe,D,aMH (CM. pa3,D,e/l 3.2.4) H He OTHOC51TC51 K >KeCTKO .uerepMHHHposaHHblM 

CHCTeMaM, rnr.ua KaK Ha KlleT04HOM ypOBHe pa6oTalOT reHeTH4eCKH .uerepMH

HHpOBaHHble aHCaM61lH MO/leKyll51pHblX MaWHH. 

3To p a3)leJ1eH11e !lO HeKOTOpoì1 CTeneH11 ycJIOBHO 11 CB513aHO e oco6eHHO

CT51Ml1 KaH aJil1311posa Hl151 noTOKOB Bell(eCTBa, 3Hepr1111 11 l1HQJOpMau1111 Ha )Tl1X 

ypoBH51X opraH11Jau1111 MaTep1111. 

CocT05!H11e n106oì1 c11cTeM&I onpeneJI51eTc51 tta6opoM n apaMeTPOB. Ilepe

.MeHHbte napa.Mempbl COOTBeTCTBYIOT, KaK npaBl1JIO, He60JibW11M npOCTpaHCT

BeHHO-BpeMeHHh!M 11HTepsaJiaM 11 51BJI51IOTC51 xapaKTep11cT11KaM11 c11cTeMbl. Ecrr11 

)ke e nOMOll(blO KaKl1X-JJH6o napaMeTpOB MO)!(HO ynpaBJI51Tb COCT051H11eM Cl1C

TeMbl, 3Tl1 napa.Mempbl - ynpa6Jl5l/OlJ,/Ue: np11 11X 113MeHeHl151X s6Jil1311 TO'!Kl1 

611<jJypKau1111 np011CXO)lHT Ka'leCTBeHHOe 113MeHeH11e COCT051Hl151 CHCTeMbl. 

B pasttosectt&1x c11cTeMax H11KaK11x MaKpocKon11qecK11x co6&n11ì1 soo6me 

tte npo11cxo.u11T - n106&1e npouecc&1 BhIJBaHhI ttepasttosec11eM. HepasHosec

Hhie Cl1CTeMbl B6Jil13 11 COCT051Hl151 paBHOBeCl151 Jil1HettHbl, a cymecTBeHHO y.ua

JieHHh!e OT pasHosec1151 c11cTeM&I - HeJI11HettHbl. Hen11Heì1H&Ie c11cTeMhI (cpe

!lhI) cnoco6Hbl 3BOJIIOUl10H11pOBaTb no pa3Hb!M TpaeKTOp1151M , npOXO,D,51 4epe3 

TO'IKl1 «BeTBJJeHl151» - 6u</JypKa4uu (oT rraT. bifurcus - «pa3)lBOeHHhIH» ). 3TOT 

TepM11H ynoTpe6n51eTC51 B urnpOKOM CMhICJie )lJI51 o603Ha4eHl151 sceB03M0)!(Hb!X 

Ka'!eCTBeHHbIX nepeCTpoeK 11Jil1 MeTaMOpQJ03 pa3Jil14Hb!X o6beKTOB np11 113Me

HeHl111 napaMeTpOB, OT KOTOpblX OHH 3aBl1C51T. TiyTb 3 BOJIIOUl1H Cl1CTeMhl CTaHO-
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BHTC5! )!(eCTKO npei:na):(aH TOJibKO IIOCJie nona,l:(aHH5! B BOpOHKY arrpaKTopa (CM. 

Hl1)!(e) H npOX0)!(,l:(eHl15! TO'fKl1 6mpypKauHH. I1pHHl_\11IIHaJieH cpaKTop CJiy'faÌ1HO

CTl1. I>HcpypKau11H B03Hl1KaIOT npH rrepexo,lle CllCTeMbl OT COCT05!Hll5! BHL(llMOÌl 

cTa6ttJihHOCTH 11 paBHOBectt5! K xaocy. AHaJitt3 MexaHl13MOB nepexo,l:(a OT rrop5!.ll

Ka K xaocy B peaJibHh!X CHCTeMax 11 MO,l:(eJI5!X Bhl51BJI5!eT ymrnepcaJibHOCTh He

MHOrllX B03M0)!(Hb!X cueHap11eB nepexo,l:(a K xaocy. BXO)!(,l:(eHHe CHCTeMbl B He

npe):(CKa1yeMbIÌ1 pe)!(l1M OllllCbJBaeTC5! KaCKa,l:(OM 6ttcpypKau11ì1, KOTOpbltt IIOCJie

.llOBaTeJibHO Be,l:(eT K 1105!BJieHHIO BbJ6opa Me)!(L(y LIBYM5! peweHll5!Ml1, 3aTeM 

'feTbiphM5! tt T. ,!:(. : cttcTeMa Ha'fttHaeT KOJie6aThC5! B xaoT11<JeCKOM, TYP6yJieHTHOM 

pe)!(ttMe rrocJie,l:(oBaTeJihHOro YLIBOeHH5! B03MO)!(HhIX 3Ha'feHHì1 ee KOJI11<JeCTBeH

HhIX xapaKTepHCTllK. (OcHOBbl Teopttll 6ttcpypKal_\lltt 6bIJIH BrrepBbJe ll3JIO)!(eHbl 

B pa6ornx A. IIyaHKape 11 A. M. fl5111yH0Ba .) c/JJiyKmyaz,iua (OT JiaT. jluctuatio -

KOJie6aH11e) - cJiyqaìlHbie OTKJIOHeHl15! OT cpe,l:(Hero 3Ha'feHH5! cp113tt'feCKllX Be

Jlll'fllH, xapaKTeptt3Yl011\HX Cl1CTeMy H3 60JibWOro 'fl1CJia <JaCT11u; Bbl3hIBaIOTC5! 

TeIIJIOBbIM L(Bl1)!(eHHeM 'faCTllU llJIH KBaHTOBOMexaHH'feCKllMH 3cpcpeKTaMl1. 

<DnyKTyau110HHO-L(llCCllrrau110HHa5! TeopeMa B CTaTHCTl1'feCKOÌ1 cpH3HKe BhlBO

L(llTC5! H3 rrpe):(rrOJIO)!(eHH5! o TOM, 'fTO OTKJIHK CllCTeMbI Ha Manoe BHeurnee B03-

,l:(ettcTBl1e 11MeeT TY )!(e rrp11po):(y, 'fTO H OTKJIHK Ha CIIOHTaHHbie cpnyKTYau1111 . 

CymecTByeT rrp5!Ma5! CB5!3h Me)!(.llY cpnyKTyauH5!Mll B TepMO.llHHaMH'fecKoìl c11c

TeMe H ee JIHHettHhIM OTKJIHKOM Ha BHeUIHlle B03,l:(eÌ1CTBH5!. B6Jil1311 6ttcpypKa

Ull0HHOÌ1 TO'fKH CllJibHO HepaBHOBeCHa5! CllCTeMa OKa3bJBaeTC5! oco6o 'fYBCTBll

TeJibHOÌl K He3Ha'fHTeJibHhIM cpnyKTyaul15!M (B03MymeHl15!M) Toro llJill HHOro rra

paMeTpa. HepaBHOBectte B ,l:(HCCHIIaTHBHOÌl HeJI11HeÌ1HOÌ1 CHCTeMe MO)!(eT TOJibKO 

yc11JittBaTbC5!, 11 cpnyKTYaulll1 CTaHOB5!TC5! <<rttraHTCKl1Ml1». 

TaK B rrpouecce 6ttonortt'feCKOì1 MttKp03BOJIIOu11tt rrpottcxo):(HT euòoo6pa-

306aHue - 3TO TaK)!(e pa1,l:(eJieH11e (Bo BpeMeHH 11 rrpocrpaHCTBe) rrpe)!(,l:(e e,l:(H

Horo BH,l:(a Ha ):(Ba H 6onee, T. e . 3TO pa3,l:(eJieHHe reHeT11'feCKH OTKpb!TOÌl CHCTe

Mbl (KaKHMH 5!BJI5!IOT C5! OTHOCHTeJihHO .llpyr .llpyra rronynJ1uHH BHYTPH BH.lla) Ha 

reHeTH'feCKH 3aKphIThie caMO.llOCTaTO'fHhie CHCTeMbI - BH.llhI [8]. Harrp11Mep, 

no rro6epe)!(b5!M EanT11ì1cKoro 11 CeBepHoro Mopeìl )!(11BYT, He cKpem11Ba5!Ch, 

):(Ba BH,l:(a KpynHb!X qaeK: cepe6p11cTa5! qaìlKa H KJiyrua-XOXOTYHb5!. 3TH ):(Ba BH

,l:(a o6be.[(HHeHbl rrocpe):(CTBOM uenH rrpoMe)!(yTO'fHbIX IIOL(BH,l:(OB, o6HTaIOmHx B 

CeBepHoìl EBpa3HH, e O.llHOìl CTOpOHbI, a TaK)!(e B fpeHJiaH,1:(1111 H CeBepHoìl 

AMepHKe - e .llpyroìl. HecKOJihKO coTeH ThIC5!LI neT B paìloHe coBpeMeHHoro 

EepttHroBa rrponHBa o6ttTana rrpe.llKOBa5! cpopMa 3THX qaeK. CB5!3aHHhiì1 MecTOM 

0611TaHH5! e rro6epe)!(beM MOpeìl .llpeì1cpy10m11x KOHTHHeHTOB BHL( pa3,l:(eJil1JIC5!. 

3aTeM, BCJie,l:(CTBHe MHrpau1111, HOB006pa30BaHHbie Bl1.llhl BCTpeTHJil1Cb B paHee 

yrrOM5!HYTh!X MeCTax o6HTaHl15!. 113-3a OTCYTCTBl15! 3,l:(eCb rrpoMe)!(yTO'-!HbIX 

f10,l:(Bl1,l:(OB 3TH ):(Ba BH,l:(a qaeK OCTaJil1Cb reHeTH<JeCKl1 H30JIHpOBaHHh!MH ycToìl

'fHBhIMH BH,l:(aMH. 

B EaJIT11ì1cKOM Mope, O.llHOM 113 caMhIX 6e):(HbIX no KOJIH'feCTBY )!(l1Bym11x 

B HeM BHL(OB, 3a IIOCJie,l:(HHe ,l:(eC5!Tl1JieTH5! 3BOJIIOl_\115! ycKop11nacb B ,l:(eC5!TKl1 

pa3 . MomHhie cy6Tporr11<JecK11e u11KJIOHhI rrocne):(HHX ,l:(eC5!Tl1JieT11ì1 XX B. rrp11-

seJIH K KopeHHOMY H3MeHeHHIO Bl1,l:(OBOro COCTaBa B EaJITHHCKOM MOpe. ,n:ocTa-
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T04HO Bb!COKaH CTerreHb COJieHOCTH, 6oJibllIOe KOJIH4eCTBO KHCJIOpo.ua npH 

HH3KHX TeMnepaTypax BO.Uhi, npHBHeceHHOÌi B .DaJITHKY H3 CesepHoro MOpH, 

npHBeJIH K .!lOMHHHpOBaHHIO TpeCKH (Gadus morhua) H KpOille4HOro patIKa 

Pseudocalanus acuspes. Ho, }')Ke Ha'IHHaH rrpHMepHo e 1996 r., BJIHHm1e Ten

JlhIX BJia)!(Hb!X cy6TpOIIH'IeCKHX B03.!lYilIHblX Macc ocna6eno, KJIHMaTH'IeCKHe 

ycJIOBHH sepHyJIHCb K npe,Ubl.!lYillHM, H BHOBb H3MeHHJICH BH.!lOBOÌi COCTaB . 

3Ha'IHTeJibHO YMeHbllIHJIHCh nonyJIHUHH TpecKH H patIKa, a nycTyIOmHe 3KOJIO

rH4eCKHe HHilIH 3aHHJIH rrpe)!(HHe BH.!lbl: esporreì1CKHÌ1 IlIIIpOT (Sprattus 
sprattus) H KonenO.!lhI (Akartia H longocornis diniflagellate). K 2005 r. TeMne

parypa BO.Uhi sepHyJiaCb K 3Ha'IeHHHM 1974 r., COJieHOCTb TO)!(e IIOCTerreHHO 

CTaJJa IIOBb!IllaTbCH. 

3BOJIIOUHOHHPY!Oll(He CHCTeMbl, 6y.uh TO 6Hoccpepa 3eMJIH, 3KOHOMHKa Ka

KOÌ1-JIH60 CTj)aHbI HJIH BceneHHaH, pa3BHBaIOTCH B npoToKe 3HeprHH, napuH

aJibHbie IIOTOKH KOTOpoìi onpe.ueJIHIOTCH CTpyKTypoìi B3aHMO.Ueì1cTBHÌ1 B .uaH

HOÌi CHCTeMe. IlpOTOK 3Heprm1 B BH.!le cpH3H'IeCKHX HJIH HeKHX «yCJIOBHbIX» 

cpopM Heo6xo.UHM. XapaKTepHbIÌi BH.!l o6pa3)'IOIUHXCH .UHCCHnaTHBHhIX C'fPYKTyp 

cpopMHpyeTCH He TOJ!bKO KOJIH4eCTBOM IIOCTYIIHBilleìi 3Hep rHH, HO H oco6eH

HOCTHMH BHyTpeHHHX CBH3eì1 B CHCTeMe, KaHaJIH3HPYIOll\HX IIOTOKH 3HeprHH H 

onpe.ueJIH!Oll(HX TpaeKTopH!O 3BOJIIOUHH CHCTeMbl B ueJIOM H ee IIO.!lCHCTeM. 

KaK rrpasHno, s rrpouecce 3BOJllOUHH cHcTeM Ha6JIIO.UaeTcH uenh 6HcpypKaUHÌ1, 

HanpHMep: reOJIOrH4eCKaH HCTOpHH 3eMJIH, pa3.UeJieHHe IlpHpO,llbI Ha )!(HBYIO H 

He)!(HByIO, seTBJieHHe cpHnoreHeTH4eCKoro .upesa, BhI.UeJieHHe BH.Ua Homo 
sapiens, IIOCTa,UHÌiHaH COUHaJibH0-3KOHOMH4eCKaH 3BOJIIOUHH o6mecrna (cMeHa 

cpopMaUHtt), pocT HHTeJJJieKTa 4eJIOBeKa, rno6aJibHbie 3KOJIOrH4eCKHe H aHTpo

noreHHb!e KaTaCTpOcpbl H T . .Il. IlpH 3TOM cymeCTsyeT sepOHTHOCTb peaJIH3aUHH 

o6eHx serneìi TpaeKTOpHH pa3BHTHH CHCTeMhl, HO B Ka)!(.!l0Ì1 TO'!Ke 6HcpypKa

UHH B onpe,UeJieHHOM rrpocTpaHCTBeHHO-BpeMeHHOM HHTepsaJie peaJIH3yeTCH 

J!Hlllb O.UHa BeTBb. 

BbICillee no 6HOJIOrH4eCKOÌ1 3Ha4HMOCTH npoHBJieHHe pa3BHTHH )!(H3HH Ha 

3eMJie - 6HOJIOrH'IeCKaH 3BOJIIOUHH - ueJIH He HMeeT. I1Me!OT MeCTO nocrn

iiHttHbie IllarH .uapBHHOBCKOÌi TpHa,Ubl (H3MeH4HBOCTb, HacJie.UCTBeHHOCTb, OT-

6op ). TaKHM o6pa30M, 6Honorn4ecKaH 3BOJIIOUHH B npocTeìillleM H3JIO)!(eHHH 

CBO.UHTCH K OT6opy H, rnaBHOe, 3aKpenJieHHIO «y.ua4HbIX» cpnyKTyaUHÌi, 4TO 

B03M0)!(H0 TOJibKO B KOH.UeHCHposaHHOÌi cpe,Ue, o6Jia,UaIOIUeì1 CTj)YKTYPHOÌi 803-

MO)!(HOCTb!O HMeTb Bbl.UeJieHHbie CTeneHH CB060,Ubl. <DnyKTyaUHH B He)!(HBOH 

rrpHpo.ue He OT6Hpa!OTCH (HanpHMep, cpnyKTyauHH IIJIOTHOCTH H TeMnepaTypbl 

B ra3e), H TeM 6onee He <<3aIIOMHHa!OTCH», II03TOMY BeJIH'IattlllaH Haxo.uKa 6HO

JIOrH4eCKOÌ1 3BOJIIOUHH COCTOHT B HX cpHKCaUHH. A IIOCKOJibKY ra30BaH cpa3a 

JIHilleHa CTa6HJihHOì1 npocTpaHCTBeHHOÌi CTPYKTYPhI, )!(HBh1e cHcTeMhI npHH

UHIIHaJibHO He MOrYT cymecTBOBaTb B 3TOÌ1 cpa3e, HO MOryT cymeCTBOBaTb B 

MHOrocpa3HbIX KOH.UeHCHpOBaHHbIX cpe.uax: )!(H.!lKHX, )!(H.!lKO-KpHCTaJIJIH'IeCKHX, 

TBep.UbIX, MaKpOMOJieKyJJHpHbIX, TaK KaK TOJlbKO B HHX MO)!(HO o6Hap}')KHTb 

npOHBJieHHH nopH.UKa H CHMMeTpHH. B OTKpbITbIX CHCTeMax cpnyKTyaUHH CTa-
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HOBHTCH «r11raHTCKl1Ml1», KOrepeHTHhlMl1 ( cornacosaHHhlMl1 BO BpeMeH11), KaK 

H'leì1Ktt EeHapa mrn aBTOBOJIHhI EeJioycosa. Ho 3Tl1 HepaBHOBeCHhie J:1ttcc11na

Tl1BHhie cTpyKTyphI MoryT cyw:ecTBOBaTh TOJihKO B npoTOKe 3Hepr1111. E110Jio

r11qecKaH 3BOJII01{11H «np11J:1yMaJia» (Ha OCHOBe Jil1HeHHhIX nOJIHMepoB e ):leTep

Ml1H11pOBaHHOH nocJie):IOBaTeJibHOCTh!O MOHOMepoB, HyKJieOTl1}.(0B 11 aMl1HO

Kl1CJIOT) MOJieKyJIHpHbie MaIIIl1Hhl J:IBYX Tl1nOB - 11HCpOpMa1{110HHhie Ha 6a3e 

HyKJieHHOBhIX K11CJIOT 11 <j:>epMeHTaTl1BHbie Ha OCHOBe 6eJIKOB [9]. BnoJIHe B03-

MO)!(H0, 4TO o6e 3TH <j:>yttKl{HH Ha HaqaJibHh!X CTa):ll1HX 611onor11qecKOH 3BOJIIO

l{Hl1 BhinOJIHHJll1 p1160HyKJiel1HOBbie Kl1CJI0Thl. 

HyKne11HOBh1e Kl1CJIOThI cnoco6Hhl yqacTBOBaTh B peaJI111au1111 r11raHT

cK11x <j:>nyKTyau11ì1 (MYTau11ì1) KaK OCHOBhl 113MeH411BOCTH, 11 B 11X 3aKpenJieHl111, 

KOr):la opraHl13M, a 3aTeM nonyJIH1{11H 11 Bl1}.(, np1106peT1IIHe HOBb!e Ka4eCTBa, 

ycneIIIHO a):lanTttpyIOTCH B l13MeHHIOW:11ecH ycJIOBl1H OKp~aIOw:eH: cpeJ:lhI. B cny

qae eCJil1 11CXO):IHOe e):IHHl14HOe CJIY<faHHOe co6hITl1e (T04e'lHaH MYTaUHH), KOTopoe 

He3aBHCHMO OT Henocpe):ICTBeHHOH <j:>tt3H4eCKOH 11JIH X11Ml1'leCKOH np114HHhI, ero 

Bhl3BaBiueì1, npOHBJIHeTCH B OHTOreHe3e KaK )'lla4HOe 3BOJI!Ol{HOHHOe nptto6peTe

Htte, ecTeCTBeHHhIH OT6op <j:>11KcttpyeT B nOKOJieHHHX 3TY <i:>JIYKTYaUHIO, 3aKpenmrn 

ee KaK IlOJie3HYIO HH<j:>OpMa1{11!0 11 nOHl1)!(aH 3HTPOnl1!0 Bceì1 6110Jior11qecKOH Cl1C

TeMbl. «EeJIKOBhie MaIIIl1HhI» cnoco6HhI 3<j:><j:>eKT11BHO ocymecTBJIHTh TPaHcnopT

Hhie, peuenTopHhie tt 3Hepronpeo6pa3yIOW:tte <j:>yttKu1111 B KJieTKax, ):leJiaH 11x cy

w:ecTBeHHO HepaBHOBeCHh!M11 caMOOpraHl13yIOW:11Ml1CH Cl1CTeMaMH. 

CTPYKTypY cospeMeHHOH 611oc<j:>epb1 no <j:>opMe tt no COJ:lep)!(aHttIO MO)!(HO B 

KaKOH-TO Mepe yno):lo611Tb <j:>11JioreHeT11'1eCKOMY ):lpesy: y OCHOBaHHH - npo

CTeHIIIHe, BhIIIIe, no Mepe cryneH4aToro ycJIO)!(HeH11H CTPYKTyp 11 <j:>yHKUHH, -

MHOroKJieT04Hbie. 0):1HaKO pa3Hl11{a Me)!(J:IY Hl1Ml1 - np11Hl{HnttaJihHaH. B CBH311 

e Heonpe):leJieHHOCThlO nOHHTl1H «CJIO)!(HOCTh opraHl13Ma», OTCYTCTBl1eM o6w:e

npttHHTOro nO):IXO):la K 113MepeHl1IO opraH!BOBaHHOCTH CHCTeM opraHl13MOB cy

mecTByeT MHoro KJiacc11<j:>ttKauttì1 ):leJieH!rn )!(11BOì1 MaTep1111 Ha ypoBHl1. Ha cero

J:IHH Ha1160Jiee 3<j:><j:>eKTl1BHhIH H nepcneKTl1BHh!H no):IXO):I l1):1eHTl1<j:>11Kau1m TaKCO

HOMH4eCKHX KaTerop11ì1 TOro 11Jil1 HHOro paHra (BH):I, po):(, ceMeHCTBO) -

reHOMHKa. Cne}.(yeT OT4eTJIHBO noH11MaTh, 'ITO o6e HHTerpaJibHb!e BeTBHW:HeCH 

CTPYKTYPhI HeJih3H npeJ:ICTaBJIHTh KaK cTaTl14Hhre 11 J:1BYMepHb1e: OH11, KaK Ml1Hl1-

MYM, TPexMepHhie B npocTPaHCTBe (111-1a MHO)!(eCTBeHHhIX rop1130HTaJihHhIX 

CBH3eì1:) 11 pa3BttBa10m11ecH BO speMeH11. <D11noreHeT11'leCKoe J:1peso OTPa)!(aeT 

TpaeKTOp11IO pacxo)!(J:leHHH TaKCOHOB BO BpeMeHl1, HO He OTPa)!(aeT HX <j:>yHKl{HO

HaJihHh!X s1a11MoJ:1eì1cTs11ì1 nocne seTBJieH11ì1. B 611oc<j:>epe Ka)!(J:loì1: 3nox11 CTPYK

Typa npHMhIX 11 o6paTHh!X CBH3eH Me)!(J:IY nO):ICHCTeMaM11 OTPa)!(aeT J:lyaJil13M 

Bceì1 Cl1CTeMbl B3al1MO):leì1:crn11ì1: e O):IHOH CTOpOHhl, 3TO BHYTPl1- 11 Me)!(Bl1):10Bb!e 

B3al1MO):leì1cTBl1H, B3al1MO):leì1cTBHH Me)!(J:IY TaKCOHOMH'leCKHMH KaTeropttHMH 

scex paHroB BO sceì1 611oc<j:>epe, e J:1pyroì1 - 3TO npoCTpaHcrneHHO JIOKaJimo

BaHHhie s1a11MOJ:1eì1crnHH BHYTPH KOHKpeTHhIX 3KOc11cTeM 11 Me)!(J:ly Hl1M11. 

HanoMHHM, 'ITO 611oreoueH03 KaK coo6w:ecTBO 11 6JI111Koe eMy IIOHHT11e 

3 KOCl1CTeMa - 3TO rpynna opraHl13MOB pa3Hh!X Bl1):10B, conpH)!(eHHhIX Me)!(J:IY 
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co6oì1 KpyrosopoTOM ::mepnrn 11 semecTB. EcJrn nonym1um1 - ::meMeHTapttal! 

n11ttaM11YecKall en11tt11ua 3 BOJJI-01lllll , TO 611oreouetto3 - cpyttn aMeHTaJJhHall 

en11tt11ua ycrnì1Y11soì1 611occpepb1. Ba)l(tteì1wall oco6ettttocTb 3rnx nsyx n11tta

M11YecK11x Cl1CTeM COCT011T B TOM, 4TO OHl1 pa3Bl1BaI-OTCll B a6COJJI-OTHO pa3HbIX 

MaCwTa6ax speMeH11: 3BOJJI-01{11ll 6a311pyeTCll Ha OT6ope, a ycTOH411BOCTb 6110-

ccpepbl - Ha anarrrnu1111 . 11HhIMl1 cJ10BaM11, xapaKTepHbie speMetta cp11J1orette3a 

11 OHTOreHe3a pa3Hl!TCll Ha MHOr11e nopl!L(K11. 

Ycmoìi'lueocmb cucmeM - 3TO crroco6ttocTb K caMocoxpaHeH1110 11 caMo

peryJ111posatt1110 B npenen ax, He rrpesb1wa10m11x rroporoshIX 003neì1cTB11ì1, 11 

onpeneJilleTCll BHeWHl1M B03L(eHCTBl1eM 11 113MeHeHl1l!Ml1 CTpyKTypbl Cl1CTeMbl. 

Ecn11 3Ha4eH11e yrrpasJJl!I-OIUl1X napaMerpos MeHbwe Kp11T114eCKoro, TO B03-

MO)l(HO TOJJbKO OL(HO ycTOH411BOe COCT0l!Hl1e Cl1CTeMhI, a eCJJl1 3TO 3Ha4eH11e 

60JJbWe - nsa COCT0l!Hl1ll. B 3aBl1C11MOCTl1 OT pe)l(l1Ma COCT0l!Hl1H JJI06al! 113 

BeTBeH MO)l(eT rropO)l(L(aTb pa3seTBJJeH11e, T. e. B Kp11Tl14eCKl1X noporOBbIX T04-

Kax nose.uett11e Cl1CTeMbl CTaHOBl1TCll tteycTOH'-111BbIM, 11 OHa crroco6Ha 3BOJII-0-

1ll10HllpOBaTb. TaK B ttepaBHOBeCHbl X Cl1CTeMax TaKl1X COCT0l!Hl1H MO)l(eT 6bITb 

MHO)l(eCTBO, a BhI6op Cl1CTeMbl orrpeneJJl!eTCll CBOHCTBaM11 Cl1CTeMbl 11 ee LIYB

CTBl1TeJJbHOCTblO K cpnyKTyau11l!M s6J1m11 T04Kll 611cpypKau1111 . CnyYaì1Hal! 

cpJiyKTYau11ll so BHewHeM rroToKe yacTo Ha3hrnaeTcl! myMoM. Heon ttopon HocTh 

reHOMOB B rronyJJlll(11llX, COCTaBJJlllO!Ul1X 611oueH03bl, 11 BHeWHl1e B03neì1CTBl1ll 

C03L(aI-OT TOT caMb!H «WYM», 6Jiaron apll KOTOpOMY MOryr 6bITb npeBbIWeHbI 

noporn CTal(l10HapHOH ycTOH411BOCTl1 . 8b16op ycTOH411BOH BeTB11 pa3Bl1Tl1ll 

3KOCl1CTeMhl CBll3aH CO CJien yIOIU11Ml1 cpaKTopaM11: 

• nocTaTO'!HOCThlO )l(i13HeHHOro npocrpaHCTBa ( o6beM 11JJl1 nJJOIUanh, KOTOpb!e 

06ecne411sa10T K~LlhIH oprattm M BCeM11 tteo6xon11M&1M11 eMy pecypcaM11); 

• pa3H006pa311eM Bl1L(OBOro COCTaBa (4eM OH 6ora4e, TeM HaChIIUeHHee ue

n11 n11rnH11l! 11, cnenosaTeJI&HO, ycToì1411see KpyrosopoT semecrn); 

• MHOroo6pa311eM B3al1Mon eìkTBl1ll TaKCOHOB, 4TO TaK)l(e non.uep)l(11BaeT 

np04HOCTb rpocp114eCKl1X OTHOWeH11ì1; 

• cpen oo6pa3ylOIU11Ml1 CBOHCTBaM11 TaKCOHOB. 

Cornactto npencTaBJJe H11l!M c11ttepreT11K11, pa3B11T11e n11ttaM11YeCK11x caMo

opratt113yI-OIU11XCll Cl1CTeM npo11cxon11T non BJll1l!Hl1eM arrpaKTopa, a pa3Bl!Tl1e 

CJJO)l(HOH Cl1CTeMhI conpOBO)l(L(aeTCll nepexonaMl! Me)l(n y HeCKOJJbK11Ml1 aT

TpaKTopaMl1, pa3nenettHhIM11 3HepreT11YecK11M11 6apbepaM11, nnll rrpeononeH11l! 

KOTOpblX CI1CTeMe Heo6XOL(I1MO BhlHTH 113 CTau110Hapttoro COCT0l!HI1ll. 

AmmpaKmop (attrn. attract - npHBJJeKaT&, rrp11rnr11BaT&) - MHO)l(eCTBO 

COCTOl!HllH (T04eK cpa30BOro rrpocrpaHCTBa) n11HaM114eCKOH CI1CTeMhl, K KOTOpblM 

otta crpeMHTCll e Te4eH11eM speMeH11. ArrpaKTop - T04Ka ycTOH411BOro pasHo

s e c11l! 11JJI1 ycTOH4HBblH pe)l(HM B n11cc11rraTI1BHOH HeJJ11HeHHOH Cl1CTeMe e He3a

TyXalO!Ul1Ml1 KOJJe6aHI1llMI1, rronnep)l(11BaeMhIMI1 3a C4eT BHyrpeHHero 11JJI1 

BHewttero 11cT04Hl1Ka 3Hepr.1111 . HerrpencKaJyeMOCTh TpaeKTop1111 B neTepM11H11-
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poBaHHblX .z:urnaMlflleCKHX CHCTeMaX Ha3hIBalOT ÒUHaMU'JeCKUM xaocOM, OTJJl1'!all 

ero OT cmoxacmu'JeCKOZO xaoca, B03HIIKalOll\ero B CTOXaCTil'leCKHX llHHaMW-Ie

CKII:X CHCTeMax. (3TO llB1leH11e Ha.3bIBaIOT <OcpcpeKTOM 6a60'IKH»: CJia6b1e ryp6y-

11eHTHOCTII, Bbl3BaHHble B3MaXOM KpbIJibeB 6a6o4Kl1 B 0.[IHOH TOlJKe n11aHeThl, MO

ryr Bbl3BaTb MOll\HOe TOpHa,[IO Ha apyrott ee CTOpOHe BC11e.[ICTBIIe MHOroKpaTHO

ro IIX yc1111eHIIll B TepMO.[IIIHaMIIlJeCKH HepaBHOBeCHOH aTMOCcpepe.) 

BcllKOe II3MeHeH11e cocTOllHHll cp11311Ko-x11M11'!eCK11x H 611011or11'leCK11x 

CIICTeM CBl!3aHO e 113MeHeHIIeM MX npocrpaHCTBeHHO-BpeMeHHblX xapaKTep11-

CTIIK, npII'IeM npouecCbl B HHX MoryT npoTeKaTb 111111 CIIOHTaHHO ( caMOIIpOII3-

B011bHO ), 111111 3a ClJeT COIIpll)KeHHll :meproaoHOpHb!X II 3HeproaKuenTOpHb!X 

npoueccOB 111111 )!(e pery1111poBaTbCll ycTpOHCTBOM caMOH CHCTeMhl, HO Bceraa B 

paMKax 06c~aaBII11IXCll HaMII npIIHUIIIIOB caMoopraHII3au1111. 

YcTOHYHBoe COCT05lHMe 1-1 pa3BMrne >KHBblX rncTeM 06ecneY1-1BaeTrn TpeM5l 

ypOBHHM"1 caMoopraH"13al.("1"1: roMeOCTa3, aAamal(MH, 3BOfllOL\"1H. 

Ka)f(,[lb!H ypoBeHb HMeeT CBOIO CIICTeMy o6paTHb!X CBl!3eH B rpex cym:ecT

BeHHO pa311II'IHhI X MaCII1Ta6ax speMeHH. XapaKTepHhie BpeMeHa ll11ll npouec

cos, 06ecne'lttBa10ll\HX roMeOCTa3, KaK MHHHMYM, Ha IIOpllL\Kli MeHbllle BpeMe

Hli cyll\eCTBOBaHttll opraHH3Ma 111111 6ttoueH03a. I1oMep)f(aHtte roMeocTa3a 

HMeeT ue11bl0 coxpaHeHHe IIOCTOl!HCTBa KaKttx-111160 napaMeTpOB CHCTeMbl. 

XapaKTepHhTe BpeMeHa ananTaunn cpaBHHMhI e speMeHaMtt cyll\eCTBOBaHttll 

opraHtt3Ma tt11n 6noueH03a. AnanTaUHll HMeeT ue11hIO noncrpoì1Ky (nepe

CTpoì1Ky) opraHH3Ma H11H 6noueH03a K l13MeHl!IOll\HMCll yc110Bl1l!M cpe,Qhl ,[\1151 

OIITHMa11bHOro pa3BHTl1ll. 06e 3Tl1 CHCTeMbl HMeIOT ue11h, KOTOPYIO OTC11e)f(H

BaIOT e IIOMOll\blO o6paTHbIX CBl!3eH . 

B 11106oì1 3Koc11cTeMe Ka)f(,Qhitt BHL\ 0611anaeT n0Tettu11a110M 3KCIIOHettu11-

a11httoro yse11HlJeHHll CBOett lJl1C11eHHOCTl1, O,QHaKO 3Ta TeH,QeHl(lill HaXO.[IHTCll 

noa KOHTpo11eM pa311HlJHhIX ypaBHOBeII1ttBa10ru11x B3a11Moaeì1crn11ì1 BHYTPH 

caMOH CHCTeMbl. 3KCIIOHeHUIIa11hHOe HapacTaHtte MO)f(eT npOH30HTH T011bKO B 

C11YlJae cephe3HhIX HapyII1ett11ì1 B 3KOCHCTeMe. Torna tteKOTOpbie pacTeHHll 

npespall\aIOTCll B «COpHllKH», HeKOTOpble )f(HBOTHb!e - BO «Bpen11Te11eì1», a 

HeKOTOpb!e Bl1L\bl npOCTO HCTpe611l!IOTCll - H BOT y)f(e IIOll yrpo30H OKa3bIBa

eTCll paBHOBec11e BCett CHCTeMhl. 

BMecTe e TeM ynpas11l!IOIUee peII!ettne, «npnttnMaeMoe» 6tto11orttlJecKoì1 

CHCTeMOH .[111ll KOMIIettcauttH BHelllHero B03,QeHCTBHll, nponyKTHBHO T011hKO B 

11HHettHOH 0611aCTH. 3To B c11y'!ae, ecm1 CHCTeMa «OTpa6aThIBaen> CHTyaunIO 

11l1Illb BO MHO)f(eCTBe Tex napaMerpoB, KOTOpb!e pery11npyeT opraHl13M H11H co-

0611\eCTBO . YcTOttlJHBOCTh 3KOCIICTeMhI MO)f(eT cyll\eCTBeHHO B03pacTtt, K np11-

Mepy, eC11H BO BpeMeHH OHa 6yneT pea11H30BbJBaTbCll '!epe3 rrpocTpaHCTBeHHble 

rrepepacnpene11eHHll ee KOMIIOHeHTOB. IToporoBb!e 3cpcpeKTbI, 3a KOTOpblMH 11e

)f(HT nerpanau11ll cttcTeMhI, ocyll\eCTB11llIOTCll nocpencTBOM rrepexoaa B apyryIO 

CHCTeMy rrepeMeHHb!X - BBe,QeHHeM HOBblX CTeneHett CB060L(bl. 

V1HblM"1 CJlOBaMH, yCTOH4HBOCTb nponpaHCTBeHHO HeO,QHOPOAHOH pacnpene

JleHHOH rncTeMbl Bb1we, YeM OAHOPOAHOtt, "1ll"1 cocpeAOTOYeHHOtt . 
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3.2.4. AKTHBHhie cpe,nhI KaK «IIO"l!Ba» 
,Ullil rrpo1.1,eccos caMoopraHH3aI.J,HH 

>K1-13Hb - 3TO cnoco6 CyU.leCTBOBaHl-1S'l aKrnBHblX cpeA. 

A. H. 3a11K11H 

06m11M MeTO)l0110rH4eCKl1M np11ttu11noM, ofo,e)ll1HH!Ol1ll1M np11pO)lHbie 

npor~eCCbl caMOOpraH113au1111 11 npocTpaHCTBO qe11oset.JeCKOM )leHTe11bHOCTl1 B 

HOOccpepe, MOryr C11Y)Kl1Tb npe)lcTas11eHl15! 06 aBTOBOlIHOBOM caMOOpraH113a

Ul111 s aKTl1BHbIX cpe)lax. Mttor11e )lOCTmKemrn noc11e)ltt11x 11eT s 0611acT11 qm-
311Kl1, Xl1Ml111, 611011or1111, 3K0110fl111, Me)l11U11Hbl 11 ilPYTl1X HayK HBHb!M 111111 He

HBHb!M o6pa30M CB513aHbI e npe)lcTas11ett11HM11 06 aKmU6HblX cpeòax, cnoco6-

Hhix K npocTpaHCTBeHHO-BpeMeHHOM caMoopraH113au1111. 3Tl1 npe)lCTaB11eHl151 

0038011111111 C03)laTb MO)le1111, OTil1Cb1Ba10m11e TaK11e HeCXO)Kl1e npouecCbl, KaK 

pa6oTa na3epos, nep11o)l11t.JecK11e x11M11t.JecK11e peaKu1111, pacnpocTpattett11e 

BOlIH Kp11cTa1111113au1111 B nepeox11a)K)leHHblX )Kl1)lKOCTHX, pacnpocTpaHeH11e 

HepBHOro 11MTIY11bca, csepTb1BaH11e KpOBl1, B3al1MO)lettCTBJ1e nonyJJHUl1M, pac

npocTpaHeH11e ::in11)leM11ì1 11 T. )l . B uen oM )laHHbitt no)lXO)l tte )lOlI)KeH 6bITb 

o6513aTeJlb HO TeCHO CBH3aH e paccMOTpett11eM cp11311qecKOM OCHOBbl Cl1CTeM, HO 

np113saH oTpa)KaTb 06my10 c11ttepreT11t.JecKy10 np11po!ly 11x nose)leH11H . 

Cttat.JaJJa paccKa)KeM o T04e4HbIX 11 pacnpe)le11eHHhIX, nacc11sHbIX 11 aK

Tl1BHbIX cpe)lax, 11 )lanee o caMoopratt113au1111 s aKTl1BHbIX cpe)lax. 

Ec1111 s KaKoii-To 06nacT11 npocTpattcTsa npoTeKaeT HeK11ì1 npouecc co 

CB011M xapaKTepHbIM speMeHeM (3TO MO)KeT 6b!Tb, K np11Mepy, speMH CMeHbl 

n0Ko11ett11ii 6aKTep11ii s 611opeaKTope 11n11 npo113BO)lCTBeHHbiì1 npouecc), Me)K

ilY coce)lHl1Ml1 0611acrnM11 np011CXO)ll1T nepeHOC KOMOOHeHTOB 111111 npo)lyKTOB 

npouecca. Ec1111 xapaKTepttoe speMH ocHOBHoro npouecca 3Ha411Te11bHO 6011bwe 

speMeH11 nepettoca, TO Mb! 11MeeM )leJJo e cocpeòomo<teHJwu, U!lu mo<1e<tHOU, 

cucmeMOU. flpouecchI B TaKOM Cl1CTeMe Cl1HXpOHHbl (c11Hcpa3Hbl). Co CTOpOHbl 

OHa Bblf1151)ll1T KaK e)ll1HOe ue11oe, XOTH B Heii Moryr np011CXO)ll1Tb HenocTOHH

Hbie so speMeH11 npoueccbI, ttanp11Mep Ko11e6aTe11bHb1e. Kor)la )Ke speMeHa ne

peH·oca conoCTas11MbI e xapaKTepHbIMl1 speMeHaM11 caM11x npoueccos 111111 

npeBbIWa!OT 11X, Cl1CTeMa CTaHOBl1TCH pacnpeòe;zeHHOU. 

Cocpe)lOTO'IeHHbie 111111 T04e4Hhie )l11HaM11qecK11e c11cTeMbI MO)len11py10T

CH KOHelJHblM 411C110M o6bIKHOBeHHbIX )l11cpcpepeHu11a11bHblX ypasHeHl1H . 0Hl1 

0011Ch!Ba!OTCH e nOMOlllb!O KOHelJHOMepHOro cpa30BOro npocTpaHCTBa 11 xapaK

Tep113y!OTCH KOHe'IHbl M 411C110M CTeneHeii CB060)lbl. 0)lHa 11 Ta )Ke Cl1CTeMa B 

pa31111'IHblX yc110Bl15IX MO)KeT paccMaTp11BaTbCH KaK cocpe)lOTOl.JeHHaH 111111 KaK 

pacnpe)le11eHHaH. MaTeMaT11t.JecK11e MO)le1111 pacnpe)le11eHHhIX c11cTeM - 3TO 

)l11cpcpepeHU11aJibHbie ·ypaBHeH1151 B l.JaCTHbI X np0113BO)lHbIX, 11HTerpaJibHbie ypaB

HeHHH 111111 o6bIKHOBeHHbie ypasHemrn e 3ana3)lbrna10m11M aprYMeHTOM. 1IHcno 

CTeneHeii CB060)lbl pacnpe)le11eHHOM Cl1CTeMbl 6ecKOHe4HO, 11 rpe6yeTC51 6ec

KOHelJHOe 411C110 )laHHblX )lJIH onpe)leJJeHl151 ee COCT051Hl151. B TepM11Hax Teop1111 
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KOJie6aHIIH KOJie6aTeJihHYJO CIICTeMy MOìKHO paccMaTpIIBaTh KaK cocpe.uoTO

tfeHHyJO, eCJIII COOTBeTCTBYJOU.Ule )lJIIIHhl BOJIH cymecTBeHHO npeBhIUiaJOT ee 

reoMeTpIItieCKIIe pa3Meph1. TipII COII3MepIIMOCTl1 reoMeTpIItieCKl1X pa3MepoB 11 
• )lJil1H BOJIH CIICTeMa paccMaTp11saeTCSI KaK pacnpe.ueJieHHaSI. 

Pacnpe.ueJieHHhie Cl1CTeMhl SIBAAJOTCll naCCUBHOU cpeiJou, B KOTopoii: ne

peHOC MaCChl 11Jil1 KaKoro-Jrn6o B03MYll.leHl1ll, K np11Mepy BOJIHhl, ocymecTBJill

eTCSI 113 onpe.ueJieHHOH TOtfKl1 (TOtfeK) 11 OTTy.ua ìKe n11raeTcll :meprneii:. CaMa 

ìKe cpe.ua naccIIBHO OTHOCl1TCll K nepettocy, He no)l)lepìKIIBal! ero :meprIIeii:. 

3HatfIITeJihHOe tfl1CJIO 6IIOJIOrIItfeCKIIX o6beKTOB, 611oueH03hI, 3KOCIICTe

Mhl, a TaKìKe COUIIaJihHYIO ccpepy o6meCTBa MOìKHO paccMaTpIIBaTh B Ka4eCTBe 

IIepapx11ii: conpl!ìKeHHh!X npOTl!ìKeHHhlX CIICTeM, KaìK)laSI II3 KOTOph!X l!BJI}leTCll 

aKmUBHOU cpeiJou, no.u.uepìKIIBaJOmeii: 3Heprneii: pa3BIITIIe npOIICXOMllllIX B 

Heii: npoueccos Ha sceM ee npocrpattcrse. 

AKmUBHGJ/. cpeiJa - T04e4HaSI IIJIII pacnpe)leJieHHall CIICTeMa, )lJI}I KOTO

poii: np11MeHl1MO on11caH11e B TepM11HaX «peaKUl1ll - )l11cpcpy311ll»: 

• HaJI11q11e pacnpe.ueJieHHoro 11CT04Hl1Ka cso6o.uttoii: 3Heprn11 (sttyrpeHttero 

pecypca 11JI11 BHewHero np11T0Ka), cnoco6ttoro n11TaTh 11.uym11e B c11cTeMe 

npouecch1 B KaìK)lOii: T04Ke npocrpaHCTBa. 

• HeJI11tteii:Hoe B3a11MO)leii:crs11e coce.ucrsyiom11x 3JJeMeHTOB. 

• HaJI11q11e pa3JJl1tfHhIX .lll1HaM11tfeCK11x peìK11MOB: peryJIS!pHhIX aBTOKOJJe6a

TeJJhHhIX 11 aBTOBOJIHOBhIX, a TaKìKe HeperynllpHhlX - xaOTl14eCKl1X . 

• B T04e4HOH ( cocpe.llOTO'leHHoii:) aKT11BHOH cpe.ue xapaKrepHhie speMeHa 

nepettoca MeìK.llY 3JieMeHrnM11 c11creMhI cymecrseHHO MeHhUie xapaKTep

HhIX BpeMeH JJOKaJihHh!X npouecCOB, B pacnpe.ueJieHHhIX Cl1CTeMax - Ha

o6opor. To'letfHh!e Cl1CTeMhl MOryT HaXO)ll1ThCll B aBTOKOJJe6aTeJihHhlX pe

ìKl1Max, pacnpe)leJJeHHhle - B aBTOBOJIHOBh!X. 

B o.uttopo.uttoii: cpe)le CKopoCTh pacnpoCTpatteH11ll, )lJil1Ha 11 cpopMa asro

BOJJHhI !lOCTOllHHhl 11 He 3aBl1CSIT OT Ha'laJJhHhIX 11 rpaHl1'-IHh!X ycJIOBl1H. ,[(JJSI 

aBTOBOJJH He peaJI113yeTCll np11HU11!l cynepn0311U1111 ( OTpaìKeHl1ll, l1HTepcpepeH

u1111), TaK KaK 3a H11Ml1 scer.ua 11MeeTCll pecppaKTepHall 30Ha BOCCTaHOBJJeHIIll 

11CXO)lHhIX CBOHCTB aKTl1BHOH cpe)lhl. 

TepMo.u11HaM114ecK11 HepaBHOBecttal! aKT11BHaS1 cpe.ua co.uepìK11T pacnpe

.ueneHHhIH 11CTOtfHl1K 11JJ11 3anac 3Hepr1111. Pecypc MOìKeT 6hITh O.llHOKpaTHhIM 

11JI11 B0306HOBJJlleMhIM. B aKTl1BHhIX cpe)lax, ecJJ11 3TO TOt.IetfHhJe ( O.llHOpO.llHhie 

no npocrpaHCTBY) Cl1CTeMhl, Moryr B03Hl1KaTh KOJJe6aTeJJhHhie peìKl1Mhl, a B 

pacnpe.ueJJeHHhIX c11cTeMax Moryr pacnpoCTpaHl!ThCll He3aryxaiom11e B03My

mett11S1 - BOJJHhl aKTl1BHOCT11, aBTOBOJJHhI. AemoeoJ1Hoeou Ha3h!BaeTCll .u11Ha

M114ecKall Cl1CTeMa, npeo6pa3yJOll.laSI 3Hepr11JO pacnpe)leJieHHOro 11CTO'-IHIIKa 

B 3Hepr11JO He3aTyxa10m11x pacnpocrpaHS!!Oll.111XCll KOJJe6att11ii: , np114eM OCHOB

Hhie xapaKTep11CTl1Kl1 ycTaHOBl1Bllll1XCll B O)lHOpO.llHOM npocTpaHCTBe KOJJe6a

Hl1H (aMnJJIIry.lla, 4aCTOTa, cpopMa BOJJHhl) onpe)leJJl!IOTCll napaMerpaMl1 CHCTeMhl 
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li B onpe.neneHHbIX npe.nenax He 3aBliCl!T OT BbI6opa Hal.faJibHOro COCTOl!Hlill. 

3Hepnrn aBTOBOJIHOM He nepeHOCliTCll, a BbICB060)f(,[(aeTCll . ABTOBOJ!Hbl - llp-

• KliH npliMep .L\liCClinaTliBHOH CTpyKTypbl, liMeIOIUliH, KaK Mb! YBH.L\HM HH)f(e, 

Henocpe.nCTBeHHOe OTHOllleHHe K caMoopraHli3aUlili B 3KOCliCTeMaX. 

PacnpocTpaHeHlie aBTOBOJIH B pacnpe,neJieHHOH aKTHBHoìi cpene xopolllo 

li3BeCTHO B HayKe. TaK 6e)f(J1T cppOHT ropeHHll BbICOXlllett TpaBbl B CTenli ( O.ll

HOKpaTHblM pecypc, e)f(efO.llHO B0306HOBmleMb!H), TaK 6e)f(liT BOJIHa KpHCTaJI

JIJ13aUlili B nepeoXJia)f()leHHOH )f(J1.llKOCTH, BOJIHa li3JiyYeHHll B Jia3epe, TaK pac

npocTpaHlleTCll HepBHblH HMDYJibC, BOJIHa 3Dli.lleMlili, me «pecypcoM» CJIY)f(HM 

Mb! caMli . Tipouecc CBepTbIBaHHll KpOBH J1 nepliCTaJibTliKa KliWeLfHliKa TaK)f(e 

OTHOCl!TCll K aBTOBOJIHOBbIM llBJieHlillM . CTpliMep TPeXMepHoìi aKTHBHOH cpe.UbI, 

B KOTopoìi B03HliKaIOT 3JieKTpH4eCKHe 11 MexaHliLfeCKHe aBTOBOJIHbl, - cep

neYHal! MblllIUa. KaK npaBHJIO, Mbl He OC03HaeM, 1-ITO )f(liBeM B MHpe aKTHBHbIX 

cpe.n. PacnpocTpaHeHlie cJiyxos, pa3B11T11e aBTOM061iJibHbIX npo6oK, JiaBliHHbie 

cpb!BbI B 3Heproceu1x - TliDHLfHbie aBTOBOJIHOBbie npoueccbI. 

l13MeHeHHe BHyTpeHHero COCTOl!HHll 3KOCHCTeMbl - aKTliBHOH cpe.llbl, 

orrpe,neJUieMoe 3BeHbl!Mli ( ceTl!MH) npl!Mb!X li o6paTHbIX (noJIO)f(J1TeJibHbIX J1 

OTp11uaTeJibHbIX) CBl!3ett, npHBO.llHT K HeycTOH'lliBOMY COCTOllHHIO HepaBHO

BeCHOH CHCTeMbl, 'ITO Bbl3bJBaeT .llliHaMHl.feCKliH npouecc caMoopraHli3aUHH -

nollBJieHlie HoBoìi cTpyKTypb1. 

OcHoso~ npOL\eccos caMoopraHH3al\HH s aKTHBHblX cpeAax HBJrneTrn B03MO>t<

HOCTb B03HHKHOBeHH5! B HHX aBTOKOJle6aTenbHblX H aBTOBOJlHOBblX pe>t<HMOB, 

npHBOAHlJ.IHX K 3BOJllOL\HOHHPOBaHHIO CHCTeM, HX npoapaHCTBeHHO-BpeMeHHOi1 

pery11HpH3al\HH. 

Ha116onee 113BeCTHblH np11Mep, KOTOpb!H D03BOmieT BhI.lleJll1Tb xapaKTep

Hbie pe)f(liMbI npOCTpaHCTBeHHO-speMeHHOro DOBe)leHHll aKTHBHOH cpe)lbl, -

KOJie6aTeJibHal! XHMH'lecKal! peaKUilll EenoycoBa-)Jfa6ornHcKoro [I O]. (E. H. Ee

noycos OTKpbrn 3TY YHliKaJibHYIO peaKUHIO, a A. M. )Ka60T11HCK11ìi 11ccne.uosan 

ee MexaHli3Mbl). 3Ta MHOfOCTa.llHHHal! «uBeTHall» peaKUHll no CBOett nplipo.ue 

TaKOBa, 'ITO B Ka)f()lOH TO'IKe peaKTopa npOliCXO.llllT caMonpOH3BOJibHble KOJie6a

Hlill KOHUeHTPaUliH npoMe)f(YTOLfHhlX npO.llyKTOB, conpoBO)f(,[(aIOIUHeCl! 113MeHe

HlieM useTa pacTsopa. EcJIH secb o6DeM peaKTopa 6bICTPO nepeMelllliBaeTCll, 

CHCTeMa seneT ce6l! KaK TOLfeYHall - OCUliJIJillTOpbl CBll3aHbl nepeMelllliBaHlieM. 

B 3TOM cnyqae BO BCeM o6beMe Ha6JIIO.llaIOTCll CHHcpa.3Hbie caMODOMep)f(H

BaIOrulieCl! OCUHJIJil!UHli - aemoKOJ1e6a1-1uJ1 - pacTBOp nepHO.llH'leCKli 113Me

Hl!eT UBeT. 

TipH OTCYTCTBHli nepeMelllliBaHlill B TOHKOM CJIOe )f(li)lKOCTli CliCTeMa CTa

HOBHTCll pacnpeneneHHOH - .llBYMepHOH aKTliBHOH cpe.uoìi, B KOTOpoìi TOl.fel.f

Hb!e OCUHJIJil!TOpbl nocnenosaTeJJbHO B3aliMO)leHCTBYIOT .upyr e .llPYTOM, LfTO B 

0.llHOpO.llHOH cpene conpOBO)f()laeTCll DOl!BJieHlieM pacnpoCTpaHl!IOIUliXCll KOH

ueHTPli'leCKHX useTHbIX npocTpattcrneHHbIX CTPYKTYP - aemoeoJ11-1 (p11c. 3.4 a). 
3TH KOJibUeBbie (KOHUeHTpliYeCKlie) BOJJHbl pacnpOCTpaHl!IOTCll BOKpyr TaK Ha-

3bJBaeMbIX eoòumeJieìi pumMa - CDOHTaHHO B03HHKalOIUliX Ha HeO.UHOpO.llHO-
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cmx ( qmyKTyau1151x) uettrpos Ko11e6att11ìi. Kom1eHmpu<JecKuMu tta3hIBalOTC51 
KPYTOBhie BOJIHhI, c11e.uy10m11e .upyr 3a .UPYTOM 113 o.uttoro uettrpa - nep110.u11-
qecK11 ko11e61110meroc51 TO'le'lttoro so.u11Te1151 p11TMa . .lJ:anee scTynaeT B npouecc 
yc1111ett115! rp11yKTyau11ìi B aKTl1BHOìi cpe.ue 51s11ett11e aemoKama;zu3a. Pacnpo
CTpaH5!10IL(11ec51 B npoCTpaHCTBe BOJIHhl npoMe)!(YTO'lHhIX CTa,Ul1H peaKL(l111 xa
paKTep113ylOTC51 113MeHeHl1eM KOHL(eHTpau11ìi npoMe)!(yTO'lHh!X npo.uyKTOB 11 
rpopM11py10T KOH1.JeHmpa4uowtble aBTOBOJIHhl. 

PacnpocrpaH5151Ch, asTOBOJIHhI He 113MeH51IOT csoeìi aMTIJI11TY.UhI, KaK 3TO 6b1-

saeT c BOJIHaM11 B naCCl1BHOH cpe.ue, r.ue OHl1 3aTYXalOT (KaK, Hanp11Mep, 3BYKl1 B 
B03.Uyxe). ABTOBOJIHhl He npOXO,U51T .UPYT CKB03h .UPYTa, a aHH11rnm1py10T np11 
CTOJIKHOBeHl111 (3a aBTOBOJIHOH HaXO.U11TC51 perppaKTepHa51 30Ha, r.ue aKTl1BHa51 cpe
.ua soccTattas1111saeT csoìi pecypc). BoòumeJZb pumMa c caMoìi BhICOKOH co6CTBeH
Hoìi qacTOTOtt TIOCTeneHHO ((Cbe,naen> scex CB011X KOHKYPeHTOB, 3aXBaTbIBa51 11X 
«Tepp11rop1110», 11 srnr11saeT BCIO Cl1CTeMy B pa6ory CO csoeìi qaCTOTOH BTIJIOTh no 
nonttoro 11CTOIL(eHl15! 3anaca cso6o.uttoìi 3Hepr1111 s c11cTeMe. 3-ro - np11Mep KOH
KYPeHu1111 B 3so1110u110H11py10meìi 3ase.u0Mo He)!(11Boìi c11cTeMe. 

01103KOJIOrl1'leCKOH aHa11or11eìi «6enoycoBCKOH» rp11311KO-Xl1Ml1'leCKOH 
Cl1CTeMbl MOrYT CJIY)!(l1Th KOHL(eHTp11qecK11e KOJihL(a, o6pa3yeMhie 1111waìiH11Ka

Ml1 (p11c. 3.4 6). KottuettTp11"'1HOCTh pacnpe.ue11eH115! 1111waìitt11KOB np11 11x pac
npocrpattett1111 Bhl3BaHa l1CTOIL(eH11eM n11TaTeJihHh!X BelL(eCTB 11 11X nocne.uyiomeìi 
perettepau11eìi Ha cy6CTpaTe. lbBecTeH aHanorn'lHhIH np11Mep pacnpocTpatte
Hl151 nonyJI51L(l10HHhIX aBTOBOJIH - «Be,UhMl1H Kpyn>, Kor.ua rp116hI B He3aTOTI

TaHHOM necy paCTYT KOHL(eHTp11'leCK11Ml1 0Kp~HOCT51Ml1 . 

a) O) 

P11c. 3.4. KOHL\8HTpw-1ecK111e asrosonHbJ: 

a - KOHL\8HTPlll'·l8CKl1e KOHL\8HTpal.\l!IOHHble BOnHbl, B03HlllK310ll.ll18 BOKpyr «B0,[\11Tenee1 
p11rMa» s xo,qe peaKL\11111 5enoycosa->Ka6ornHCKOro (cj:Jororpacj:J111111 c,qenaHbl A. M. >Ka-
6ornHCKl1M, A. H. 3a111K111HblM, B. A. Ba0111n11HblM); 6 - KOHL.leHrp1114ecK111e Konbl.\a, 06-
pa3yeMb1e n11waC1H111KoM Parmelia centrifuga (cj:Jororpacj:J111s:1 c,qenaHa C. C. WHoneM) 
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MhI ynoM11Ham1 o TOM, qrn pacnpocTpamnom11ì1cH qipoHT ropeH~ cyxoì1 

TPaBhl OTHOCl1TCH K KJiaccy aBTOBOJIH, HO 11 pocT caMOH TpaBhl MO)!(eT 11MeTh 

Hp°i<o Bh1pa)!(eHHhiì1 BOJIHOBoì1 xapaKTep. TaK B np11po.ne Ha6mo,naJI11Ch TPaBH

Hhie KOJihl{a 11 .nyr11, B03Hl1KaIOIIJl1e Ha CKJIOHax nepeBhmaCHhIX nacT6111IJ e yn

JIOTHeHHOH 11 11CTOIIJeHHOH rroqBOH. KOJihl{a no pa3MepaM scer.na MeHhIIIe .nyr . 

.l(yr11 HanpaBJieHhl BBepx no CKJIOHY BhinYKJihIMl1 CTOpOHaM11 11, KaK npaBl1JIO, 

npe,ncTaBJieHhI 66JihIII11M Macc11soM .nepH11HhI, qeM KOJihl{a. IIo BecHe :no HpKo-

3eJieHhie KOJihl{a 11 .nyr11 Ha 6Jie,nHOM <tioHe pa3MepoM OT HeCKOJihKl1X ,neCHTKOB 

caHTl1MeTpOB .no HeCKOJihKl1X MeTPOB. 3TO nJIOTHaH .nepH11Ha 3JiaKa B 0Kp~e

Hl111 npoq11x TpaB, pacTym11x MeHee IIJIOTHO. BHeIIIHHH cTopoHa qipoHTa 6oJiee 

qeTKO oqepqeHa, qeM BHyrpeHHHH, T. e. rpaH11ua .nepH11Hhl CHap~11 6oJiee pe3-

KaH, qeM BHYTPl1 .nyrn [ 11]. 
B Heo,nHopo,nHhIX aKTl1BHhIX cpe.nax 11JI11 np11 BHeIIIHl1X B03My11JeH11Hx 

npo11cxo,n11T l1CKa)!(eH11e BOJIHOBOro qipoHTa, B03MO)!(eH ero pa3phIB, B03Hl1KHO

BeH11e 11 pa3MHO)!(eH11e cn11paJihHhIX aBTOBOJIH, 11Haqe, «pesep6epaTopoB». 0T

MeTl1M, qTo cn11paJihHhie aBTOBOJIHhl pa3Bl1BaIOT MaKCl1MaJihHO B03MO)!(HYIO 

CKOpOCTh np11 pacnpOCTPaHeHl111, BCJie,nCTBl1e qero He 11MeIOT B03M0)!(H0CTl1 

<<3axBaThIBaTh» coce,nH11e cn11paJihHhie 30HhI 3a cqeT onepe)!(eHl1H coce.neì1. Pe

Bep6epaTOphI npe,ncTaBJIHIOT co6oì1 coqernH11e npaBo- 11 JieBo3aKpyqeHHhIX cn11-

paJieì1 11Jil1 BJIO)!(eH11e HeCKOJihKl1X cn11paJieì1 (p11c. 3.5). 
Ha 3JieKTPOHHO-M11KpOCKon11qecK11x qioTorpaqi~x cpe3a aKcono.n1111 (MeM-

6paHHoro Bhlpocrn) o,nHOKJieTOqHoro 0611TaTeJIH HaIIIl1X BO,nOeMOB - COJIHeqH11-

Ka Actinosphaerium eichhorni - MO)!(HO YB11.neTh ,nBoì1HyIO BJIO)!(eHHYJO cn11paJih, 

o6pa30BaHHYJO Ml1KpOTPy6oqKaM11. 3.nech Mhl Bl1,nl1M ~e reHeT11qeCKH <iiHKC11pO

BaHHhlll pe3yJihTaT aBTOBOJIHOBOro qiopM11pOBaHHH aKcono,n1111 (p11c. 3.6 a). 

a) 6) 

PHc. 3.5. np111Mepb1 cn111panbHOC1 opraH111Ja1..1111111 asrosonH B peaK1..1111111 6enoycosa: 

a - cn111panbHb1e asrosonHbl { «pesep6epaTOpbl») nepsoro nops:iAKa, BOJH111Ka10ll.l111e 
B H80AHOPOAHblX cpeAaX 111n111 nOA B03A8C1CTBlll8M BH8WHlllX B03MYll.l8HlllC1; 6 - cn111-

panbHbl8 KOHL18HTpa1..11110HHble BOnHbl BblCWlllX nops:lAKOB {cjJoTOrpacjJ111111 CAenaHbl 
A. M. >Ka6ornHCKlllM, A. H. 3a111K111HblM, B. A. Bas111n111HblM) 
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lfasecTeH rrp11Mep crr11paJihHOH aBTOBOJIHOBOH caMoopraHl13aU1111 Ml1KCa
Me6 -;--- TaK Ha3hIBaeMhIX «cou11aJihHhIX» aMe6 Dictyostelium discoideum, 060-
e.n11tt5!IOII.{l1XC5! B orrpe.neneHHOH cpa3e )1(113HeHHOro U11KJia B e.[{11Hhltt opraH113M 
rro.n .neiicTs11eM crreu11cpw1ecKoro aTTpaKTaHTa uAM<l>, BhI.[lemieMoro oT.nenh
HhIM11 KJieTKaMl1 (p11c. 3.6 6). }1(113HeHHhIH U11KJI Ml1KCaMe6, )1(11B)'II.{11X B ITO'IBaX, 
COCTOl1T 113 cne.nyiom11x CTa.n11ì1 : crrophl, aBTOHOMHhie aMe6hI, KOJIOHl151 aMe6, 
ITJIO.[{OBOe TeJIO. I111TaIOTC5! Ml1KCaMe6hI TOJihKO B aMe6011.nttoii CTa.[{1111 . B 3TO 
speM51 aMe6h1 paccpe.noT011eHhI rro cy6cTpazy. IIp11 ocettHeM 11cTOIUeH1111 KOpMa 
aMe6h! 06pa1y10T KOJI0H1110. BHewHe 3TO BhirJI51.z:ll1T TaK. BoKpyr Mecrn 6y.ny
meì1 KOJIOHl111 B03Hl1KaIOT KOHUeHTp1111ecK11e BOJIHhl aMe6, .ns11ra10m11xc51 K ueH
Tpy e rrep110.noM B HeCKOJihKO M11HyT. MexaHl13M 06pa1osaH115! KOJIOH1111 crre
.nyiom11ii. rorro.na10m11e aMe6b1 Ha1111HaIOT rrpo.nyu11posaTh U11KJil1'IeCKYJO AM<l> 
(uAM<l>). ~yr11e aMe6br, rrorry1111sw11e c11rnarr B s11.ne uAM<l>, tta1111HaIOT rre
peMemaThC51 rro rpa.n11eHzy ee KottuettTpau1111 11 caM11 rrpo.nyu11posaTh uAM<l>, a 
TaK)l(e rrpo.nyu11posaTh cpoccpo.n113cTepa1y- pa3pyw11Terrh uAM<l>. B pe1yrrhTa
Te cny11attHhIX cprryKTyau11ii KOHUeHTpau1111 uAM<l> B03Hl1KaIOT rrepB11'IHhie 

crymeHl151 aMe6, 0.[{HO 113 KOTOphIX CTaHOBl1TC51 ueHTpOM 6y.nymeii KOJIOHl111. 
KottuettTpau1151 uAM<l> rrporropu11ottaJihHa pa3Mepy crymeH115!. TaK KaK aMe6b1 
.[{Bl1)1(YTC5l rro rpa.n11eHzy KOHUeHTpau1111, TO rrepe.n HaM11 Cl1CTeMa e ITOJl0)1(11-
TeJihHOH o6paTHoii CB513hIO. Crymem1e, 06pa30Basweec51 111 rreps1111Hoii cprryK
zyau1111 KOHUeHTpau1111 uAM<l>, pa3pacrneTC51, 06pa1yeTC5! KOJIOHl151. B3a11MO
.[lettCTBl1e uAM<l> e cpoccpo.n113cTepa3oii rrp11 orrpe.nerreHHhIX rrapaMeTpax c11cTe
MhI rrp11BO.[ll1T K He3aTYXaIOII.{11M KOrre6aHl151M KOHUeHTpau11ii peareHTOB BOKpyr 

a) 6) 

P1o1c. 3.6. , Cn111panbHb1e 6111onor1114ecK111e crpyKrypb1: 

a - nonepe4Hbli:1 pa3pe3 aKconoA111111 conHe4Hl!1Ka Actinosphaerium eichhorni; M1-1K
pory6ynb1 Ha nonepe4HOM cpe3e o6pa3yt0T ABe sno)f{eHHb1e cn111pan111 ; 6 - anpaK
rnpbl pa3Hb1X nopHAKOB, o6pa3yt0Ll!ll1ecH np111 arperal.\1111-1 cn1113es111Ka Dictyostelium 

discoideum 
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TO'IKH HeycTOH4HBOro paBHOBeCH.ll. 3To H onpe.ue;rneT nO.l!BneHHe BOnH .UBmKe

!iH.ll aMe6. CcpopMHposaswa.l!C.ll KOnOHH.ll nepeMemaeTc.ll KaK uenoe B noHCKax 

no.uxo.u.llmero cy6cTparn H, Haì1.[{.ll ero, cpopMHpyeT nno.uosoe Teno, Ha KOTopoM 

06pa3yeTC.ll cnopaHrnì1 H co3pesa10T MHpHa.UhI cnop. TaKHM o6pa30M, npH o6-

pa3oBaHHH KOnOHHH MHKCOMHL(eTOB, cpopMHpOBaHHH nJIO.UOBOro Tena y MHKCa

Me6 Dictyostelium discoideum MhI BH.UHM, KaK B pe3ynhTaTe caMoopraHH3aUHH 

no.l!BJrneTc.ll npoCTpaHcTBeHHo-speMeHHa.ll CTPYKTYPa. 

CxeMaTHYeCKH nyTh caMoopraHH3aUHH TaKos: cjlJiyKTyaUH.ll - noKanhHOe 

pa3paCTaHHe cjlJiyKTyaUHH .uo pa3Mepos <<rHraHTCKOH» 3a Cl!eT npOTOKa :rnep

rHH - cpopMHpOBaHHe JIOKanhHOro o6pa30BaHH.ll, o6be.UHH.l!IOl.lleroc.ll e .upyrH

MH B CTPYKTypy. 

Ha pHcyHKe 3.7 npe.ucrnsneHa cpornrpacpH.ll .ll6noKa, nopa)!(eHHoro nJio.uo

soì1 fHHnhlO, HnH MOHHJIH030M .ll6nOHH, 6HOTpOcpOM. rpH6 3HMYeT Ha 3apa

)!(eHHhIX nJio.uax B BH.Ue MHL(enH.ll HnH CKnepOUH.l!MH. B KOHL(e anpeJI.ll - Ha'lane 

Ma.li H3 cKnepouHeB Bh1pacTa10T anoTeUHH, npo.uyuHpy101.11He acKocnophI, KOT0-

ph1e .l!BJI.l!IOTC.ll HCTO'lHHKOM seceHHero 3apa)!(eHH.ll pacTeHHì1. IIepBhIMH 3a6one

sa10T TOJihKO 4TO pacnyCTHBWHeC.ll nHCTh.ll .ll6nOHH. C DOMOl.llh!O BeTpa, .[{0)1(.[{.ll 

HnH HaceKOMhIX KOHH.UHH nona.ua10T Ha MOnO.Uhie H 3peJihie nnO.Uhl, Bhl3h!Ba.ll He-

60JihllJHe n.l!THa 6yporo useTa, KOTOphie BnOCJie.UCTBHH OXBaThIBa!OT BCIO nosepx

HOCTh. M.l!KOTh nopa)!(eHHOro nJIO.Ua nOCTeneHHO pa3M.llr4aeTC.ll, 6ypeeT, HO OCTa

eTC.ll CO'lHOì1, Ha sryc cJia.uKosaTa.ll co cnHpTOBhIM npHsrycoM. Ha 8-10 .ueHh e 

MOMeHTa 3apa)!(eHH.ll Ha nosepxHOCTH o6pa3yJOTC.ll ceposaTO-)!(eJITOro usern 

nJIOTHhie no.uyweYKH KOHH.[{HanhHOro cnopOHOWeHH.ll rpH6a (cnopo.uoxHH), pac

noJIO)!(eHHhie KOHL(eHTpH'leCKHMH KpyraMH. 

KoHueHTpH'lecKoe pacnoJIO)!(eHHe cnopo.uoxHì1 Ha nopa)!(eHHhIX nJio.uax 

ca.uoso.uaM .uaBHO H3BeCTHO, O.UHaKO B HaYlfHOH JIHTepaType .uo CHX nop He 06-

c~.uaJIOCh, 'lTO ynoM.l!HYThie KpyrH .l!Bn.l!IOTC.ll aBTOBOnHaMH, pacnpocrpaH.l!IO-

PllJC. 3.7. ABTOBOnHbl nno,QOBOCi rHHnH. 
MoHHnH03 s:i6noHH - Monilia fructigena (cPOTO B. Tsep,QHcnosa) 
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m11M11c51 rrp11 rrornomeH1111 rp1160M rr11TaTerrhHhIX BemecTB. BoL{11TeAAM11 p11TMa 

crry~aT L{ecpeKTbl Ha KOlKype 516JIOKa. 3a aBTOBOJIHOH, KaK o6bI'IH O, CJieL{yeT 

pecppaKTep1-ia51 30Ha. Bee rrpo11cxoL{11T TO'IHO TaK JKe, KaK tt rrptt aBTOBOJIHOBOM 

o6pa3oBaHtttt «BeL{hMHHhIX KpyroB>> rptt6H11uaM11 6errh1x rp1160B ttrrtt MyxoMo

poB B rrecy 11rr11 Ha onywKax rreca. 

Tip11BeL{eM rrpttMepbl CB51311 ITOBeL{eHH51 OTL{eJihHbIX oco6ett H BCett rrorry

JI51Ul111 e rro3HUHH Teoptttt caMoopratttt3au1111 : paccM0Tp11M p51Ll KorrrreKTl1BHbJX 

6ttocouttarrbHbJX 51BJieHHtt, HarrpttMep 3aKJiaL{KY TepM11TH11Ka. Ha rrepBoìi cTa

):(1111 3aKJia.UK11 OCHOBaHH51 rHe3.ua TepM11Tbl Ha Bb16paHHOe MeCTO npHHOCHT 11 

6ecrrop51,UO'IHO pa36pacbJBaJ-OT KOMO'IKl1 3eMJil1. KaJK,Ub!H KOMO'IeK nporr11TaH 

ropMOHOM, np11srreKa1-0m11M .upyrHx TepMHTOB. Crry'IattHoe Ha.urroporoBoe CKO

rrrreHHe KOMO'IKOB, B03Hl1KaJ-Omee B KaKOH-JIH60 TO'IKe, C03L{aeT cprryKTyauHJ-O 

KOHUeHTpauHH ropMOHa. B03pocrna51 ITJIOTHOCTb TepMHTOB B OKpeCTHOCTH 

3TOH TO'IKH rrpHBO.UHT K HapacTaHHJ-0 cprryKTyal]HH. TiocKOJibKY 'IHCJIO TepMH

TOB B OKpeCTHOCTH TO'IKH yBeJIJ1lfHBaeTC51, ITOCTOJibKY Bep05!THOCTb c6paChIBa

HH51 HMH KOM04KOB 3eMJIH B 3TOM MeCTe B03pacTaeT, 'ITO B CBOJ-0 OLiepe,Ub rrpH

BO.UHT K yBeJIHLieHHJ-O KOHueHTpauHH ropMoHa-arrpaKTaHT a . TaK B03.UBHraJ-OTC51 

«OIIOpbI» (ueHTpbl pa3pacTaHH51 TepMHTHHKOB), pacCT051HHe MelK.UY KOTOpb!MH 

orrpe.uerr5leTC51 pa.uHycoM pacrrpocTpaHeH115! ropMoHa. 

JJ:pyroìi npHMep - 3asopaLIHBaHHe JIHCTa MypaBb5!MH-TKaLiaMH. TiepBa51 

CTa,UH51 Cll!HBaHH51 JIHCTa y MypaBheB-TKaLieH 3aKJIJ-Ol.JaeTC51 B csopa'IHBaHHH 

rrHcTa rrorrorraM . Bb16op MecTa rrpHrroJKeHH51 ycHrrHìi Ha KpOMKe 3asopa'IHBae

Moro JIHCTa npOHCXO.UHT crre.uyJ-Oll(HM o6pa30M. TiepBOHa'IaJibHO MypaBhH 6ec

rrop51.UO'IHO XBaTaJ-OTC51 3a crryLiattHO BbI6paHHble MeCTa KpOMKH JIHCTa H ITbITa

J-OTC51 3arHyTh HX. Te yLiaCTKH KpOMKH, KOTOpbie y.uaeTC51 3arHyTb, 6orree .upy

rHX rrpHBJieKaJ-OT K ce6e MeHee y.ua'IJil1Bb!X pa6oTHHKOB. B pe3yrrhTaTe 3Toro 

MypaBbH rrepepacnpe.uerr51J-OTC5!, OKa3b!BaJ-OTC51 B KOHeLI HOM HTOre y KaKoro

JIH6o O.UHOfO y'IaCTKa JIHCTa H BMeCTe 3aBopaLIHBaJ-OT ero. «TiepBHLIHOH cprryK

Tyau11eli» B 3TOM cJiy'Iae CJIYlKHT crryLiaHHblll ycrrex O.UHHO'IHOfO MypaBb51 HJIH 

He60JihWOro KOJIJieKTHBa MypaBheB, OKa3aBillHXC51 p51L{OM . 

Eme rrpttMep - o6pa3oBaHHe cKorrrreHHli JIHLIHHOK JKYKa Dendroctonus 
micans. JIHLIHHKH, ITHTalOI.UHeC51 .upeBeCHHOH, se.uyr ce651 CJie.uyJ-OI.UHM o6pa30M: BO

rrepBbIX, 11crrycKaJ-OT cpepOMOH e l.JaCTOTOH, 3aBHC5lll(eìl. OT CTerreHH HX Cb!TOCTH, H, 

BO-BTOpbIX, rrepeMell(aJ-OTC51 rro rpaL{HeHry KOHUeHrpa!]HH cpepOMOHa, ecrrH KOH

ueHrpau1151 rrpeBbJWaeT HeKOTOpyJ-O rroporoByJ-O. Ec1rn JIHLIHHOK pacnpeL{errttTh 

crryqattHO rro KaKOH-JIH6o O.UHOpOL{HOH rrosepXHOCTH (HarrpttMep, CTeKJiy), TO Ta

KOe HX ITOBe,UeHHe rrpttBeL{eT K TOMy, 'ITO c11yqaìl.Hb!e B03pacTaHI151 JIOKaJihHOH 

ITJIOTHOCTH JIH'IHHOK rrpHBe.uyT K cpopMHpOBaHHJ-0 CKOITJieHHH. qeM BbIWe JIOKaJib

Ha51 ITJIOTHOCTb JIHL!HHOK B .uaHHOH o6rraCTH, TeM Bh!Ille rpa.u11eHT KOHUeHrpaum1 

cpepoMOHa I1 TeM CHJibHee TeH,UeHl]H51 .upyrHX JIHL!11HOK K crromaHHJ-0 B MeCTa CKO

rrrreHHH. KoHeLIHM serrHLIHHa cKorrrreHHli orrpe.uemerc5! cpeL{Heli rrrroTHOCThJ-O rro

rrymuHH rrwmHOK B .uaHHOM MecTe. TaKHM o6pa30M, H B 3TOM rrpHMepe B rrepBHLI

HO O.UHOpOL{HOH CHCTeMe (JIH'IHHKl1 pacrrpeL{eJieHbl crryqaliHO) Ha OCHOBe aBTOKa

TaJIHTH'IeCKOro MexaHH3Ma crroHTaHHO B03HHKaer crpYKTYPa - CKorrrretttte. 
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Ilo CBOeH np11po.ue 11 B COOTBeTCTBl111 e np11HJITbIMl1 onpe.ueJieHl1JIMl1 6110-

reoueH03bl cJie.UyeT paccMaTp110aTb KaK aKT11BHb1e cpe.llbI. B Ka'-leCTBe KOH

KpeTHoro np11Mepa 3KOJIOrl1'-leCKOH aBTOBOJIHOBOH Cl1CTeMbl paCCMOTPl1M Cl1C

TeMy no'-!seHHbIX 611ouetto3oB Ha ypostte Tpocj>11'-leCK11x (nmuesb1x) ueneil: (ce

Teil:) [ 12]. Ilo cpaBHeHl1JO e aTMOCcj>epoH: 11 BO)laMl1 cyurn nO'-IBa KaK '-!aCTb 

oKpy)!(aJOIUeH cpe.llbI ropa3.uo 6oJiee yH3B11Ma B OTHomett1111 attTponoreHHbIX 

B03.ueil:cTBl1H, '-ITO 06yc110BJietto reTeporeHHOCTbJO ee cj>11311Ko-x11M11'-!ecKOH CTPYK

TYPbI 11 MHoro'-!11c11eHHOCTbJO npoueccoB, OTBeTCTBeHHbIX 3a nepeMeIUett11e 

pa3Jil1'-IHblX BeIUeCTB. 3To o6CTOJITeJibCTBO onpe.ueJIJieT aKTyaJibHOCTb Teope

Tl1'-leCKOro 113yYeHl1JI nO'-IBeHHb!X Cl1CTeM 11 B TO )!(e BpeMJI 3aMeTHO ycJIO)!(HJieT 

3a.ua'-ly MO.lleJI11posatt11JI. 

OcHOBHOH pe3yJibTaT, KOToporo 0)1(11.llaIOT OT MO.lleJieH no'-!BbI, .llOJI)!(eH 

npe.ucTaBJIJITb co6oil: atta11113: 

• xapaKTepHbIX npocTpaHCTBeHHbIX 11 speMeHHbIX MacmTa6os pacnpocTpa

HeH11JI noJIJIJOTaHTOB 11 npoueccos caM00'-111IUeHl1JI .UJIJI JIOKaJibHOH 0611ac

Tl1 e 3a,UaHHbIMl1 <P'11311KO-Xl1Ml1l!eCKl1Ml1 CBOHCTBaM11; 

• B03MO)!(HOCTeH cyIUeCTBOBaHl1JI B nO'-IBe Tex 111111 11Hb!X Tl1nOB .lll1HaM11l!e

CKOro nose.uett11JI; 

• peKOMeH.uau11H: no BOCCTaHOBJieHl1JO 11CXO.llHOro COCTOJIHl1JI .uaHHOro nol!

BeHHOro 611oreouetto3a. 

0THOCl1TeJibHO perettepau1111 noBpe)!(,UeHHbIX nO'-IB MO)!(HO .uo6aBl1Tb CJie

.llYIOIUee coo6pa)!(ett11e. l..l,e11ettanpa0JieHHoe .uo6a011ett11e B nospe)!(,UeHHbie 

nO'IBbl KOJIOHl1H Bbmasw11x 3BeHbeB pe.uyueHTOB MO)!(eT 6b!Tb JIOKaJibHbIM, no

CKOJlbKY aBTOBOJIHOBOe nose.uett11e Tpocp11'-1eCKOH ceT11 fl03BOJil1T OXBaTl1Tb 

«Jiel!eH11eM» BCe nOl!BeHHOe TeJIO .uaHHOro 611oueH03a. 

TaKl1M o6pa30M, aKrnBHble cpe)lbl SIBJlSllOTCSI 611ocjJl13114eCKOH OCHOBOH npol.(eC

COB caMoopraH113al.(1111 B 611occjlepe, nposisnS110ll.\l1XCS1 B 06pa3osaH1111 perynsip

HblX A11HaM114eCKl1X crpyKryp B CJlO>KHblX rnCTeMax 11 xapaKTep113YIOLl.\11XCSI yc

TOH411Bb1Ml1 111111 >Ke HeycTOH411BblMl1 pe>K11MaM11 pa3B11Tl1Sl . .[\aHHblH no.uxo.u HO

Cl1T 06Ll.\11H xapaKrep 11 06be)l11Hsier on11caH11e npocrpaHcTBeHHO-BpeMeHHOH 

3BOJllOL.(1111 pacnpe.ueneHHblX OTKpblTblX 3KOCl1CTeM (cjJ113114eCKl1X, Xl1Ml14eCK11X, 

611011or114ecK11x, 3Ko11or114ecK11x, COL.(1103KOHOMl14ecK11x). B cxeMarn311posaH

HOM npe.ucras11eH1111 Hooccjlepa BKlll04aer KaK Ml1Hl1MYM rp11 conpsi>KeHHb1e o6-

paTHblMl1 CBSl3SIMl1 aKrnBHble cpe.ub1: reo-, 6110-, col.(11occjlepy. V1 ecn11 Ha 6a30-

BOM reoccjlepHOM yposHe coce.ucrny10ll.\l1e 110KallbHb1e rpaHccjlopMaTOpbl 3Hep

r1111 B aKrnBHOH cpe.ue HanpsiMyio cssiJaHbl npol.(eccaM11 npeo6pa300aH11S1 

3Hepr1111 11 Be[l.\eCTBa (rnna aBTOKaTa11113a), TO Ha COL.(11aJlbHOM ypOBHe B3a11MO

.uei:1crn11e 3Hepronpeo6pa3yl0Ll.\11X no.urncreM o6ycnosneHo npe11Myll.\ecrneHHO 

«H113K03HepreTH4eCKl1M11» 11HcjJOpMal.(110HHblMl1 CBSl3SIMl1 (np11 3TOM 30Ha 11X 

s3a11MO)lei:1crs11si cy[l.\eCTBeHHO ysen11411saerrn, a speMeHa COKpa[l.\aiorrn). Ha 

611occjlepHOM ypOBHe B3al1MO)leHCTBl1Sl HOCSIT CMewaHHblH xapaKTep (eCTb TpO

cjJ114ecK11e L.(en11, HO eCTb 11 rnrna11bHb1e B3a11Mo.uei:1crs11si). 
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3.2.5. CaMoopramnau;IDI: CHMMerp1u1 

H aCHMMeTpHH KaK :narr H KaK HTOr 

np1-1cyU.taA ABl\8HHAM CHMM8TpHA - 3TO MaKCH

Mal\bHaA CHMMeTpHA, COBMecrnMaA e cyU.teCTBOBa

HHeM ABl\eHHA. OnpeAeAeHHble 31\eMeHTbl CHMMeTpHH 

MOrYT cocyU.teCTBOBaTb e onpeAel\eHHblMH ABl\eHHAMH , 

HO OHH He ABl\AIOTCA He06XOA11MblMH; Heo6XOAHMO 

l\11Wb OTCYTCTBHe onpeAel\eHHblX 31\eMeHTOB CHMMeT

PHH. "1MeHHO aCHMMeTpHfl C03Aaer ABl\eHHe. 

n. K10p11 

MHorn:e np11Hu11n11a.rrbHbie .uocTm1<eH11.11 611ocp113111<11 nocne.uH11x .uec.11T11JJe

T11ìi CB.II3aHbI e npe,LICTaBJJeHIDIM11 06 aBTOBOJJHOBOH caMoopraHH3au1m B aKTHB

HhlX cpe.uax, cpopM11pyKlll\11XC.SI Cl1MMeTpilllX 11 MOJJeK)'llilpHbIX Maw11Hax, qTO HMe

eT caMoe Henocpe,LICTBeHHOe OTHOWett11e K npo6JJeMaM 3BOJUOU11H H 3KOJJOr1111: 

I. Cpe.ua e pacnpe.uenettttbIM pecypcoM 3tteprn11 11 cuennettttbJM ceThlO 06-

paTHbIX CB.Sl3eH KOHTHHYJ'MOM HeJJHHeHHblX Tpattc<PopMaTOpOB 3Hepr1111 

cpopM11pyeT .u11cc11naT11Btty10 aBTOBOJJttosyio CTPYKTYPY e HOBbJMl1 BbI.Ue

neHHhIMH CTeneH.SIMl1 CB060.UbI. AKTHBHaJJ cpe.ua «yMeeT» C03,llaTb Haq11-

Ha10ll\YIOC.SI e cpnyKryau11ìi ynop.S!,LIOLJeHHYIO npocTpaHCTBeHHO-BpeMeH

HYJO CTPYKTYPY e nottmKeHHhIM, OTHOCHTeJJbHO 11cxo.uttoro, pattroM CHM

MeTp1111. 3To - nepBhIH Tl1II caMooprattl13au1111. He)!(11Ba.S1 np11po.ua <<He 

yMeeT» coxpaHHTb no.uo6Hble HaXO,LIKH 3a 11CKJJfOqeHHeM O,LIHOro cnyqa.11, 

Kor.ua 6naro.uap.11 YHl1KaJJhHOMy, HO 3aKOHOMepHOMY CTeqeHl1!0 o6CTO.Sl

TeJJbCTB npOH30WeJJ Heo6paTl1MhlH CKa'-IOK - nO.SIBl1Jll1Ch npe.uweCTBeH

Hl1Kl1 )!(11BbIX KJJeToK (CM. rnasy 4) [ 13]. CaMoopratt113yeTc.11 cpe.ua, B KOTO

poì1 cnOHTaHHbie npoueCCbl pa3Bl1Ba!OTC.SI BO BpeMeHH 11 npocTpaHCTBe no 

Tl1IIY aBTOKaTaJJH3a, a JJOKaJJhHbie TpaHc<PopMaTopbI 3Hepr1111 11Me10T «nep

B11qHbIH» xapaKTep 11 He 06na.ua10T cp111<c11poBaHHOH KOHCTPYKU11eìi. 

2. CcpopMHpOBaBWHeC.SI B XO,lle 6110JJOrH'-leCKOH 3BOJJIOUHH MaKpOMOJJeKy

JI.S!pHbie CTpyKTypbl - MOJJeKyJJJJpHbie MaWl1Hhl - o6peJIH cnoco6HOCTb 

«3aIIOMl1HaTb)) y.uaqHbie np11CIIOC06JieHH.SI 11 npoueCCbI, C03,llaBa.SI 11 p acno-

3HaBa.SI Heo6XO.[IHMYIO ,LIJJ.SI 3TOro 11HcpopMau1110. 3TOT BTOpOH nm caMOOp

raH113au1111 OCHOBaH Ha HaJI11q1111 BbI,lleJJeHHbIX CTeneHeì1 CB060.[lbl 11 Ha

IIpaBJieH Ha «OCMbICJieHHOe» KaHaJJ11311poBatt11e npoueccoB conp.SI)!(eHttoro 

rrpeo6pa30BaHID1 Bell\ecrna, 3Heprn11 11 11tt<PopMau1111. Ha 3TOM ypOBHe 11e

papx1111 C3MOOpraHH3YIOll\HXCJI CHCTeM aKTHBHa.SI cpe.ua IIp1106peTaeT co

BepweHHO HOBbie KaqecTBa, CB.Sl33HHble e HeKOTOpOH aBTOHOMHeH 3JJeMeH

TapHbIX .11qeeK 11 oco6eHHOCT.SIMl1 MX B3311MO,lleHCTBH.SI. 

3. Tipoxo,ll.SI qepe.uy ypOBHeìi caMoopraHmau1111, 611cpyp1<au11ìi 11 OT6opoB np11-

PO.L1Hb1e c11CTeMbI ycJJO)!(HJllOTC.SI, npWleM O.UHHM H3 B3)!(HbIX npH3HaKOB yc

JJO)!(HeH11.S1 CJI~HT IIOHH)!(eHHe pattra CHMMeTPHH, qTo, KaK 113BeCTHO, IIpo

.SIBHJJOCb np11 B03HHKHOBeHHl1 CHaqana MOJJeKyJrnpHbIX MaWHH, 3aTeM - KJJe-
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TOK H TaK .na.nee ... B CHCTeMax, 06Jia.11a10ll.(HX Cl1MMeTPHCH, TI051BJU!eTC51 aHH-

30TPOTIH51, T. e. OCHOBa cpopMHpOBaH1151 BbI.!leJieHHb!X CTeneHett cso60.11bl [14). 

B )KHBOH H He)KHBOH npttpo.ne BCTpeLJaIOTC51 CTPYKTYPhI, 06Jia.11a10mtte 

npaBHJlbHOH HJlH TIOLJTH npaBHJlbHOH CHMMeTpHett. 0HH B03HHKJlH B cpa30BOM 

npOCTPaHCTBe ./IHHaMl14eCKHX CHCTCM B npoueccax caMOOpraHH3aUHH HJll1 B 

KOOp.!111HaTHOM npocTpaHCTBe cpH3H4eCKl1X noJiett 11 rn.11pO.L1HHaMHLJeCKl1X Te

LJeHl1H B pe3yJibTaTe peaJIH3aUH11 npttpo.11oì1 HeKOTOpb!X aJiropHTMOB, peaJil1-

3yK>Il.(HX o6Il.(He 3aKOHbl, np11cym11e 3B0Jl!OUHOHI1PYIO!l.(HM CHCTeMaM. )];sa oc

HOBHblX aJiropHTMa MO)KHO oxapaKTep1130BaTb CJie.11y10m11M o6pa30M [15]: 

1. Bo3HHKafO!l.(He CHMMeTpH'-IHble CTpyKTypbl 51BJl5IIOTC51 «npOXO.!\HblMH», OT

pa)Ka!Oll.(11MI1 onpe.neJieHHbie :nanbI pa3Bl1TH51 pacnpe.neJieHHOH OTKpb1Toì1 

CHCTeMbl. 

2. 06pa3osasw11ec51 CHMMCTp11LJHbie MaKpOCTPYKTYPbl (MopcjJOJIOrHLJCCKHe 

.!\Jl51 OT.!ICJlbHbIX opra11113MOB HJlH TOTIOJIOrHLJCCKHe .!1Jl51 3KOJlOrHLJeCKHX 

CTPYKTYP) 06pernJI11 cpyHKUHOHaJibHYIO 3HaLJHMOCTb, 06ecneq11sa51 3cpcpeK

THBHoe H cTa611JibHOe cymecrn0Batt11e B 611oueH03e. B no.1106HbIX cJiyLJaHx 

ycnewHM npOCTPaHCTBe HHO-.!leTepMHHHpOBaHHa51 3BOJl!OU110HHa51 «Haxo.n

Ka» 3aKpenJI51JlaCb Ka K OCHOBa .!IJU! .!laJlbHCHWHX a.nanTaUHOHHb!X IlO./ICTpoeK. 

HeJIHHCHHOCTb CHCTCM ' y.naJieHHbIX OT COCT051HI151 TepMO./IHHaMHLJCCKOro 

paBHOBeCI151, npo51BJl51CTC 51 He TOJlbKO B oco6eHHOCT51X pa3BI1Tl151 TaKHX CHCTCM 

BO BpeMCHH, HO 11 B oco6e11HOCT5!X 3BOJIIOU1111 HX npOCTpaHCTBeHHOH CTpyKTy

pbl. B COOTBeTCTBI111 e npHHUHilOM CHMMCTpH11 K10ptt- IIp11ro)KHHa CHMMeT

pH51 H aCHMMCTp1151 BblCTy n a 10T KaK np051BJlCHl151 caMoopraHH3au1111: 

B JlHHei1Hoi1 o6nacrn Heo6paTHMble npou,eCCbl conp51ralOTC51 B COOTBeTCTBHH CO 

CBOHM TeH30pHblM p aHroM: CKam1pHbli1 (H30TpOnHbli1) npou,ecc conp51raeTC51 

TOJlbKO CO CKall5lpHblM, BeKTOp Hbli1 - e BeKTOpHblM . BHeWHHe B03Aei1CTB1151, Bbl-

3b1Bal011\11e pa3!111YHbl e 51BJleHH51 B MaKpOCKOnHYeCKOi1 CHCTeMe, He MOryT o6na

,t:\aTb 6onee BblCOKOi1 CHMMerp11ei1, YeM nopo>K,ll.aeMbli1 HMl1 npou,ecc (6]. 

lboTpOnHb!H npoue cc (Hanp11Mep, 3K30TepMHLJCCKa51 XHMHLJCCKal! peaK-

U1151. B fOMOreHHOH cpe.ne) He MO)KeT Bbl3BaTb HanpaBJlCHHOro nepettoca TenJIO

Tbl HJIH KaKHX-J11160 KOMrlOHeHTOB cpe,Ubl. )J;pyrHMH CJIOBaMH, He sce npouecCbl 

a J111Heì1Hoì1 06nacn1 Mor y-r conpl!raTbCll. Ho a HeJI11Heì1Hoì1 06JiacT11 3TOT 

npHHUHTI HenpHMCHHM, TaK KaK B HCH MO)KCT npoH30HTI1 «TIOTep51 CHMMCTpHH» 

HJJH caMonpOH3BOJlbHOe B03HHKHOBeH11e npocTpaHCTBCHHbIX CTPYKTYP, 11Me10-

m11x Bbl.!ICJlCHHb!e HanpasJJeHI151 B 11CXOAHO OAHOpOAHOH cpe.ne, T. e . .11onyCTl1MO 

conpll)KCHHe npoueccos pa3Horo paHra. 

Boo6me )!(e 11.11e11 CHMMCTPHH npOHH3bIBaIOT KOCMOroH11LJecK11e npe.11cTaB

JJeH115! scex speMeH H Hapo.nos. B 3HaLJHTCJlbHOÌ1 CTeneHH 3TO OTHOCHTCll H K co

speMeHHb!M Teop1151M npoHCXO)i(,l\CHHll BceJJeHHoì1 [ 16- 18). Cornactto npHHll

TbIM (3aBC.!IOMO He sceo6Il.(11M 11 He OKOHLJaTeJlbHb!M) npe.11crnBJleHI1l!M, B03pacT 

BceJICHHOH COCTaBJU!eT 13, 7 MIIPA JleT, ee pa3Mep - 158 MJlpA CBeTOBblX JleT. 
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CIÙ!a)lbrnaeTc51 HHT)'HTHBHoe omymeHtte, qTo s rapMOHHqHoì1 BceneHHoì1 pa3-

sopaqttsaeTc51 COOTBeTCTBYIOIUa51 ee MaCwTa6aM ZUZClJ\WWUHa, KOTOpa51, nono6HO 

pyKoTsopHb!M MaKpOCKon11qecKttM 11 npttpO)lHb!M 611onorw1ecKttM M11KpocKontt

qecKttM MalllttHaM (MOJieKyn51pHbIM MOTOpaM), npeo6pa3yeT CB060)lHYIO :mep

r1110 B none3HYIO pa6o-ry. «Ilone3Ha51 pa6orn» 51BmeTrn rrone3Hoì1 e ToqK11 3pe

Hl151 qenoseKa, 11 nm BceneHHoì1 3TO - <!JopM11posaH11e ycToì1q11so 3Boniou110-

Httpyiomeì1 611oc<!Jepbl, BeHL{OM KOTOpoì1. CTaHOBHTC51 HOoc<!Jepa - MbICJI51Il(a51 

caMoperyn11pyeMa5I 611oc<!Jepa. 3eMJI51 - TOMY npttMep. 3soJIIOU1151 BceneHHOH, 

s cymHOCTH, eCTb )lttcc11naT11BHb1ì1 rrpouecc e o6pa3oBaHtteM peryn51pHbJX )lttC

cttrraT11BHbJX CTPYKTYP· B pacrrpeneneHHb!X )lttcc11naT11BHblX c11cTeMax 3TO oco-

6eHHO 3aMeTHO no B03Hl1KHOBeH1110 c11MMeTpttYHbIX cTpyKryp. OnHaKo TaK11e 

CTPYKTYPbI HeycToì1Yl1BbI 11 cTa611JibHb1 n11wb s npoToKe 3Heprntt. 

B ornosy pa3Bl!IBaeMoro asTopaMill nop,xop,a nono>KeH 06ll.\illH cpi113i114eCKillH npillH

Llilln cpopMi11posaHill5l 3aKOHOMepHoCTei1 3BontoU,illill BceneHHOH ili >Ki113Hill Ha 3eMne 

4epe3 Yepep,y B03HillKHOBeHilli1 ili HapyweHilli1 HOBblX CillMMeTpi114HblX ili arnMMeT

pi114H')blX COCTOS1HillH CJIO>KHblX CillCTeM. ,Ll,i11aneKrn4eCKaS1 P,illJieMMa CillMMeT

pi11S1/arnMMeTpi115l Bb1aynaeT KaK nposisneHille eP.illHCTBa cpopMbl ili cop,ep>KaHill5l B 

npou,eccax caMoopraHi113aU,illill. He3aBillrnMo oT 3asepweHHOCTill TeOpillill B03HillK

HOBeHill5l BceneHHOH MO>KHO C4illTaTb, 4TO OCHOBHble 3aKOHbl cpi113i11Kill - 3aKOHbl 

COXpaHeHill5l - OTpa>t<atoT pa3Jii114Hble Bill,ll,bl CillMMeTpillill B npillpOP,e. 

C11MMeTp1111, Bblpa)!(a!Oll{l1e CBOHCTBO npocrpaHCTBa li BpeMeHll, OTHOC51T K 

zeoMempuIJeCKOU rjJopMe CU.MMempuu: O)lHOpO)lHOCTb npocTpaHCTBa 11 BpeMe~rn, 

1130rpOnHOCTb npOCTpaHCTBa, rrpocrpaHCTBeHHa51 qeTHOCTb, 3KBl1BaJieHTHOCTb 

HHepu11anbHblX Cl1CTeM OTC4eTa. CttMMerp1111, Herrocpe)lCTBeHHO He CB513aHHbie 

CO CBOHCTBaMli rrpocrpaHCTBa li BpeMeHli, Bbipa)!(a!Oll{He CBOHCTBa onpeneneH

Hb!X <!Jli3liqeCK11X B3aHMO)leHCTBHH, OTHOC51T K ÒUHaMUlJecKOU rjJopMe CUMMem
puu. )J,11HaM11qeCK11e c11MMerp1111 B03H11Ka10T, Korna paccMarp11sa10TC5I npeo6pa-

30BaHtt51, BKJI!Ol{a!Oll{l1e rrepeXO)lbl Me)!()ly COCT051Hl151Ml1 Cl!CTeMbI e pa3Jil1YHbIMH 

3Hepr1151MH. IIpttMepaMH )lHHaMliYeCKllX CHMMeTpliH 51BJI51IOTC51 CHMMeTp11I1 3JieK

rp11qeCKoro 3ap51)la. 3MMI1 Herep ( 1918) rroKaJana, YTO 3a Ka)!()lb!M 113 3aKOHOB 

coxpaHeH115! cT011T orrpeneneHHa51 cttMMeTp1151. Ka)!()la51 CI1MMeTptt51 06ecneq11saer 

KOHKpetHblH 3aKOH coxpaHeHl151 [ 19]. 3aKOH coxpaHeHH51 3HeprnI1 CB513aH e O)lHO

pO)lHOCTblO speMeHli; 3aKOH coxpaHeHH51 HMnynbca - e O)lHOpO)lHOCTblO rrpo

crpaHCTBa; 3aKOH coxpaHeHI151 MOMeHTa HMnynbca - e CliMMeTp11eì1 OTHOCll

TeJibHO ITOBOpOTOB; 3aKOH coxpaHemrn 4eTHOCTH - e 3epKanbHOH CHMMeTp11eì1 .. . 

)J,m scex 5IBJieH11ì1 rrpttpO)lbl, KpOMe cna6b1x s3a11Mo)leì1crn11ì1, cymecrnyeT 

3ap51)l0Ba51 CI1MMerpli51: 3aKOHbl rrpttpO)lbl He 113MeH51IOTC51, eCJil1 Bee 3JieKYpl1Ye

CKl1e 3ap51Jlhl 3aMeHttTb Ha o6paTHbre. IIp11 3TOM H3MeH51IOTC51 Ha 06paTHb1e 11 npy

r11e sen11q11Hbl, o KOTOpbIX peqb nOtt)leT 4YTb Hll)!(e. bblJIH rrpe)lCKa3aHbl H o6Ha

PYMeHbl aHTHYaCTHUbl - II03lirpOH, aHTttrrpoToH, aHTliHeì1rpoH li T. n. lb HliX 

MO)!(HO COCTaBHTb 51,UpO aHTI13JieMeHTa. Ecntt K TaKOMY 51,Upy, 3ap5l)!(eHHOMY OT

p11uaTeJibHO, rrp116aBJ1Tb Il0311Tp0Hbl, rronyq11TC5! aHTHaTOM, 113 aHTHaTOMOB -

aHTHBemecTBO e TeMH )j(e CBOHCTBaMH, YTO H o6bl'IHOe semeCTBO. 
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TiocJie OIThITOB, CB513aHHhIX e Hapymem:1eM 3epKaJihHOH Cl1MMeTp1111 np11 6e

Ta-pacna.ne, Teopmo 3ap51,nosoi1 c11MMeTPllll npm11noch yroqmnh. BMeCTO Hee 

BBe,neHa 3ap51AOB0-3epKaJibHa51 Cl1MM~l151: JaKOHhI npllpOAhl He ll3MeH51TC51, eCJill 

BCe 3ap51Ahl B MHpe 3aMeHl1Th Ha o6paTHhie li O.L\HOBpeMeHHO np0113BeCTl1 3ep

KaJihHOe OTPa)!(eH11e. AHTl1Mllp - 3epKaJihHoe OTPa)!(eHlle Harnero M11pa. 

YcToi1qllsocTh B MllKpoM11pe 6a3llpyeTC51 Ha CPT-cllMMeTPl1H: npouecchI 

B npllpo.ne He MeH51IOTC51 ( CllMMeTPllqHbl) np11 OAHOBpeMeHHOM npose.neHllH 

Tpex npeo6pa3oBaHllì1: nepexo.ne oT qacTllU K aHTllqacTllUaM (3apH,nosoe co

np51)!(eHlle, C), 3epKaJihHOM OTPa)!(eHllll (npocTPaHCTBeHHa51 11Hsepc115!, P) 11 3a

MeHe BpeMeHll t Ha - t ( 06pameH11e BpeMeHl1, T), qTO CJie,nyeT ll3 OCHOBHhIX 

npllHU11110B KBaHTOBOH TeopHll TIOJI51 [ 17]. MaKpOMllp HapyrnaeT CllMMeTp11IO 

speMeHll, C03AaBa51, B npe.ncTaBJieHl151X CTaTllCT11qecKOH TepMOAllHaMl1Kll, «CTPe

JIY speMeHl1» [ 6]. 
qepe.na CllMMeTplltt onpe,neJillJia TpaeKTOpllIO 3BOJIIOUllll BceneHHOH B 

rpaHlluax 3aKOHOB coxpaHeHll51.. 
) 

Mbl BblCKa3blBaeM npeP,nono>KeHHe o TOM, 4TO nO)J,06HOH >Ke HCXO)J,HOH T04KOH 

CHHrymlpHOCTH, xapaKTepH3Yto~eì1rn BblCWeH CTeneHblO CHMMeTpHH, flBHnrn 

HaYanbHblH 3Tan cpopMHpOBaHHSl >KH3HH Ha 3eMne. no-BH)J,HMOMy, nocne)J,OBa

TenbHafl CMeHa CHMMeTpHH B conpH>KeHHblX HenHHeHHblX 4>H3HKO-XHMH4eCKHX 

npol.(eccax Ha A06HonorHYecKoì1 CTaAHH 3Bontol.(HH npeP,onpeP,enHna ee P,anb

Heì1wyto 6HOnOrH4eCKyto HanpaeneHHOCTb (18, 13]. 

3a .nsa.nuaTb JieT .no Toro, KaK cpll311Kl1 Ja.nYMaJil1Ch o HapyrneHH51.X CllMMeT

p1111 H OAHOpOAHOCTH B MllKpOM11pe, B. 11. BepHaACKl1H ITllCaJI: «TipOCTPaHCTBO

BpeM51 rny6oKO HeO,nHOpOAHO, 11 51BJieHll51. CllMMeTPllll Moryr B HeM np051BJI51ThC51 

TOJihKO B orpaH11qeHHhIX yqacTKaX» [20). CymecTBeHHhIM o6pa30M 3TO KacaeTC51 

)!(HBhIX Cl1CTeM B «KOCHOM» OKp~eHHH. JJ:11cKpeTHbie, ycToi1qllBhie, TepMOA11-

HaMw!eCKll HepaBHOBeCHhie (npoToqHhie), CHMMeTPHqHbie H aCllMMeTPllqHhie no 

COCTaBJI51IOJllllM HX KJiaccaM ((qaCTllIJ» Cl1CTeMbl urnpOKO npe,ncTaBJieHbI B Mllpe 

)!(HBOro. COJ.nasaH «)!(11BOe», ITp11po.na, He MYAPCTBY51 nyKaso, «HCITOJih30BaJia» 

sce TPH 113MepeHH51 .neKapTosa npocTPaHCTBa e pa3JIW!HhIMll paHraM11 c11MMeT

plltt .LIJl51 o6peTeHl151 ycTOH4llBOro pa3Bl1Tl151 opraHll3MOB, nonyJI511..(llH, 6ttoueH0-

30B li scei1: 611occjlepb1 Ha nyrll nporpecC11BHOi1 3BOJIIOUllll. B Haqane nyrtt 6bmll 

.nse tPYHAaMeHTaJihHhie fo10nor114ecKlle acllMMeTPllll - reoM~ll4ecKa51 li All

HaMll4eCKa51 COOTBeTCTBeHHO: MOJieKYJI51pHa51. - XllpaJihHa51 H KJieT04Ha51 -

HOHHa51. ITepBa51 113 HHX npeATIOJiaraeT HepaBHOBeCHOCTh B XllpaJibHOM L1yaJil13Me 

«JieBbIX» li «npaBhIX» 1130MepOB yrnepOL\HhIX coe,[(llHeHllH, BTOpa51 - 3epKaJih

HYJO llHBepCllIO pacnpe,[(eJieHll51 OCHOBHhIX KaTllOHOB Me)!(.Lly L(HCKpeTHhIMH e,[(ll

Hlll(aMH )!(llBOro, KJieTKaM11, H OKp~aIOmeH: BOL(HOH cpe):(OH. )J;llCKpeTHOCTh CB51-

3aHa e roMeOCTa30M KJieTOK H B03MO)!(HOCThIO llX yqacTH51 B 3BOJIIOUHOHHOM OT-

6ope, HepaBHOBeCHOCTh, B nepsyIO 04epe):(h, - e 3ap5!L1aMl1 paCTBOpeHHhIX B 

so.ne llOHOB, CTPYKTYPHa51 reoMeTPll4eCKa51 acttMM~l151 - e cymecTsosaHlleM 

3epKaJihHO-CHMM~l14HhIX 1130MepOB opraHl14eCKl!X COe,[(11HeHllH. C 3TOro 6llO

ccpepa HaLiana csoi1 nyrh no TPaeKToptt11 ycTOÌ14llBOro pa3Bl1Tll51.. 



3.2. CaMoopraH"13éll.l"1H. Ha4ana c1-1HepreT1-1K1-1 245 

lfayqa51 3aKOHOMepHOCTl1 pa3Bl1TIIH BO speMeHtt l1JII1 npoCTpaHCTBe o6beK

TOB He)!rnBOH H, oco6eHHO, )!(l1BOH npttpO.Ubl, JIIO.UH CTapalOTCH 0Tpa3l1Tb ee B 

reoMeTpwieCKH HJIII aJire6pattqeCKl1 HarJIH,UHbIX MaTeMaTttqeCKHX nOHHTHHX, 

T3Kl1X KaK UHKJIHqHOCTb, CIIMMeTplIH, KOrepeHTHOCTb, 30JIOTOe ceqeHtte, PH.Uhl 

<l>tt6ottaqqtt, cppaKTaJibHOCTb, napKeTbl tt T . .u. 0 .uHaKo cTporoìi UHKJittqHOCTtt 

l1JII1 CIIMMeTptttt, KaK II TOqHhIX MHOrOMacuna6HblX caMono.uo6ttH l1Jll1 npeutt-

3l10HHOH ynaKOBKH B nponopUI151X 30JIOToro ceqeHHH Ha MaKpOCKOilttqecKOM 

yposHe s )!(ttBoìi npttpo.ue He cymecrnyeT. Bee ecTb, Ho ace - nptt6Jitt3ttTeJib

Ho. MaTeMaT11qecK11e o6pa3bl KJiacrncp11uttpYfOT o6beKTbI 11Jitt oTpa)!(alOT Tpa

eKToplitt pa3B11T115! )1(11soro . 

B He)!(IIBOH np1Ipo.ue BhICOKOH cTeneHhIO ynop51.uoqeHHOCTtt o6Jia,UaIOT 

Kp11CTaJIJihl B MacwTa6ax OT aTOMHO-MOJieKyJIHpHoro .uo MaKpOCKOnttqecKoro 

ypoBHH, HO no.uo6Hbie CTPYKTYPhl e.u11ttoo6pa3HbI tt CTaT111rnb1. B csoeA 3HaMe

HttTOH KHttre, H3IllICaHHOH B 1943 r . 11 BO MHOroM cnoco6cTBOBaBweìi CTaHOBJie

HHIO cospeMeHHOH TeopeTH'leCKOH 6ttocp113l1Kl1, 3. lllpe.UHHrep n11weT: «Hau-
60J1ei cyUfecmee1111y10 l/acmb :>K:ueou KllemKu (xpOMOCOMHYfO HHTh. - B. T) 
MOJICHO e nOllHblM OCH06QHUeM HG36Gmb anepuoÒUl/eCKUM KpucmaJlflOM. B qm-
3UKe Mbl òo cux nop UMe.nu òeno mOJlbKO e nepuoÒul/ecKUMU KpucmaJlflaMU . .1J:JI51 

cp11311Ka nepttO.UttqecKtte KpHCTaJIJibl HBJJHIOTCH BeChMa l1HTepeCHblMl1 II CJI0)!(

HblMl1 o6beKTaMtt; OHH COCTaBJI51IOT O.UHY l13 Hatt6oJiee oqapoBaTeJihHblX l1 

CJIO)!(HhIX CTPYKTYP, KOTOphIMl1 Heo.uywesJieHHaH np11po.ua np11BO.UHT B 3aMewa

TeJihCTBO HHTeJIJieKT cp1I311Ka. 0.uttaKO no cpaBHeHtt!O e aneptto.u11qeCKl1Ml1 Kpl1-

CTaJIJiaMH OHH Ka)!(yTC51 HeCKOJih.KO ::meMeHTapHhlMH l1 CKY'!Hh!MH. Pa3Jil1qtte B 

CTPYKTYPe 3,Uech TaKoe )!(e, KaK Me)!(.uy o6hJ4HhJMl1 o60HMl1, Ha KOTOphIX O.UHH tt 

TOT )!(e pttcyHOK nOBTOp51eTC51 e npaBIIJihHOH nepttO.UttqHOCTbIO, 11 we.uespOM 

BbIWl1BKl1, CKa)!(eM, pacpa3JieBCKl1M ro6eJieHOM, KOTOphIH nOBTOpHeT CJIO)!(HhIH, 

IlOCJie,UOBaTeJihHbIH 11 nOJIHhIH 3aMhlCJia p1ICYHOK, Ha4epTaHHhlH BeJIHKl1M MaC

TepOM». II .uaJiee : « .. . H .UYMaIO, Ha.no HeMHoro CJIOB, 4T06h1 onpe.ueJittTh cxo.u

CTBO Me)!(ny qacosbIM MexaHtt3MOM tt opraHtt3MOM. Otto npoCTo 11 11cKJIJOq1I

TeJibHO CBO.UHTCH K TOMy, 'ITO B OCHOBe IlOCJie,UHero Jie)!(J1T TBep.uoe TeJIO -

arrep110.u11qeCKHH Kp11CTaJIJI, o6pa3yIOll.ll1H HaCJie,UCTBeHHOe semeCTBO, He no.u

sep)!(eHHÒe B03.UeHCTBHIO 6ecnop51,UOqHoro TeITJIOBOro .UBH)!(eHH51» [21]. 
EoJiee Toro, KJieTKH o6Jia.uaIOT pereHepaTHBHhIMH cpepMeHTaTIIBHhIMH c11c

TeMaMtt H YMeIOT no.u.uep)!(IIBaTh Heo6XO,Ul1MblH .UHH3Ml1'leCKHH nopH.UOK Ha MO

JieKynHpHOM yposHe, B Tex caMhlX aneptto.u11qecK1IX Kp11cTanJ1ax. B Hawe speM51 

rosop11Th o TBep.uoTeJihHOH OCHOiie )!(J1BOH MaTeptttt B 6YKBaJihHOM CMhlCJie Henpa

BOMepHO XOT51 6hI no TOH rrpttq11He, qTo TOJlhKO KOH,UeHCI1pOBaHH3H )!(11,UKOKpl1-

CTaJIJIH'leCKM cpa3a MO)!(eT o6ecne4l1Tb cpyttKUIIOHttpoBaHtte peaKU110HHO-.U11cpcpy-

3l10HHOÌ1 cpe.UhI, cnoco6Hoì1 OCYll.leCTBJ!j!Th Mern6onttqecKtte npoueccb1, a TaK)!(e 

npoueCCbl 6ttOCIIHTe3a II pereHepau1111. TioMHMO '.lTOro, BO.UHO-ITOJIHMepHM cpe.ua 

no3BOJljieT pean113osaTh .usa rnaBHhIX cp113tt'lecK11x MexaHtt3Ma, 06ecneq11saIOll.lttX 

cpyttKUHOHHpOBaHtte 6ttonorn'leCKHX Cl1CTeM: aBTOBOJIHOBYfO caMoopraH113aU11!0 B 

pacnpe.ueneHHhlX 3KTl1BHhlX cpe.uax 11 pa6ory (MaKpO )MOJ!eKyJIHpHhlX MaUIHH. 
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Tipo11ecCbl KOHBap11aHTHOH pe.nymmKal_\1111 11 p116ocoMaJibHOro 6110Cl1HTe3a, 

cpepMeHTaTl1BHOfO KaTaJil13a 11 pe11en111111, OCHOBaHHbie Ha KOMnJieMeHTapHblX 

s3a11Mo.neiicrnm1x, TPe6y10T npe11113110HHOCT11 socnpomse.neH115! s3a11Mo.neì1cT

sy1011111x 611onoJI11MepoB e TO'iHOCTblO .no KOOp.L111HaT Ka)l(.LIOfO 113 aTOMOB. Ha.n

MOJieKyJIRpHbJe CTPYKTYPhl, 06paJy1011111ec51 BCJie.L1CTB11e caMoc6opK11, no.no6Hoì1 

Bb!CO'iaìiweì1 TO'iHOCThlO MOfyT He o6Jia.naTb. bOJiee Toro, opraHeJIJibl KJieTOK, 

caM11 KJieTKl1 11 6onee Bh!COK11e no ypOBHIO 611onor11qecK11e Cl1CTeMbl, B03Hl1-

Ka!OlI(l1e s npo11eccax caMoopraH113a111111, He TPe6y10T .LIJ15I csoero cpyttK11110H11-

posaHl15! CTOJib BbICOKOro, npe11113110HHO TO'iHOfO reoMeTp11'1eCKOf0 11cnoJIHeHl15!. 

f'naBHh!M :nanoM nepexo.na OT cPl1311KO-XHMH'ieCKOÌ1 3BOJI!Ol_\1111 K 3BOJII0111111 

611onor11qecKOH 6bIJI nepexo.n OT aKTl1BHblX cpe.n K MOJieKympHb!M MaII111HaM. 

AKTHBHbJe cpe.Llhl o6na.naIOT CIIOHTaHHOH crroco6HOCTblO K caMoopraHl13a111111 11 

e yqacT11eM aBTOBOJIH MOfyT cpopM11posaTh BhJ.LleJieHHhJe CTeneHl1 CB060.Llhl, npo

HBJI5IIOII(l1eC51 s 06paJosaH1111 c11MMeTP11'1HhIX CTPYKTYP· 0.nttaKo OH11 He cnoco6-

HhI cosepwaTh noJie3HYIO pa6ory. MoJieKyJIHpHbie KOHCTPYKl\1111, K KaKOBhIM OT-

' 1 HOCHTCH MOJieKyJIRpHbJe MaIIll1Hhl, TaK)l(e o6Jia.naIOT Bhl.LleJieHHhlMl1 (KBaHTO

BO )MexaHtt'ieCKl1Ml1 CTeneHHMl1 CB060.L1hl, KOTOphle B 11po11ecce l_\11KJ111'1eCKOH 

pa60Tbl crroco6Hbl He o6MeHl1BaTbCH 3Hepr11eì1 e Tel!JIOBblMl1 CTeneHHMl1 CB06o

.Llhl (7). Tio 3TOH rrpwmHe 11 He06XO.L\11Ma BblCO'iattrnaH TO'iHOCTh C60pK11 . 

I1MeHHO 3.LleCb Ha'111HaeTCH «6JI0'1Hbltt» 1Ip11Hl_\11n 6110JIOfl1'1eCKOH 3BOJl!Ol_\1111: 

HYKJiel1HOBhle K11CJIOThl cpopM11pyIOTCH 113 npe.n3a.naHHhlX HYKJieOTl1.LIOB, IIOJll11Ie11-

Tl1.L\Hble 11e1111 6eJIKOB - 113 aMl1HOKl1CJIOT, B03Hl1KIIll1X B pe3yJihTaTe X11Ml1'ieCKOfO 

Cl1HTe3a. bl10JIOfl1'1eCKl1e MaKpOMaWl1Hbl Bb!CWl1X ypOBHeì1 B Ka)l(.LIOM KOHKpeTHOM 

CJiyqae COCTaBJieHhl acco1111a11l15IMl1 MOJieryJIRpHblX Maw11H,, 06he.n11HeHHhlX 11po-

11eccaM11 caMoopratt113a111111 11 pa60Ta1011111M11 B KoorrepaTl1BHOM pe)l(11Me. 3.nech 

~e rrpe11113110HHa5! TO'iHOCTb c6opK11 He 5!BJI5!eTC5! Heo6xo.n11Moì1, 11 rrpOCTPaHCT

BeHHaH peryJIHpHOCTb CJIO)l(HbIX 06pa30BaH11ì1 MO)l(eT 6h1Tb He CTOJih TO'iHOH. 

Bo3Hl1KHOBeH11e )1(11BhJX c11cTeM rro3BOJil1JIO Tip11po.ne co3.naBaTh tt coxpa

H51Th «'1epTe)l(l1» ocHOBHhIX 6JIOKOB 3Heprorrpeo6paJy1011111x CTPYKTYP 11 Ha 11x 

OCHOBe 11poeKT11poBaTb KOHCTPYK111111 HOBbIX, BCe 6oJiee crre1111aJ111311poBaHHhlX 

11 3cpcpeKTl1BHh!X MaWl1H. 3Ta 6116Jil10TeKa qepTe)l(ett MaKpOMOJieKyJIHpHblX 

6eJJKOBhJX KOHcTpyK1111ì1 (MexaH113MOB), cnoco6HhIX coBepwaTh rroJie3HYIO pa-

6oTy (MaII111H), 11 eCTb reHOM . 3BOJIIOl_\110HHh!Ìi npo11ecc 1111KJll1'1eH 11 11epapx11-

'1eH. BcHK11ì1 pa3 onpe.neJIHeMoe KOHCTPYKL111eì1 Marn11Hb1 11 HeJ111tteì1Hoe no 

cy111ecTBY corrp51)1(eH11e 3Hepro.nottopttoro 11 3HeproaK11enTopttoro rrpo11eccoB 

conpoBO)l(.LlaJioch cMeHoì1 c11MMeTp11ì1 B no.nc11cTeMax 11 nepepacrrpe.neJiett11eM 

nOTOKOB 3Hepr1111 110 HOBhlM BhI.LleJieHHhlM CTerreH5!M cso6o.nbl. 

B )1(11BOÌ1 np11po.ne BCTpeqaIOTCH CTPYKTyphl, 06J1a.na1011111e 11paB11JihHOì1 

11Jll1 TIO'iT11 npaBl1JlhHOH Cl1MMeTp11eì1. 0Hl1 B03Hl1KJil1 B cPaJOBOM npOCTPaHCTBe 

.Lll1HaM11'ieCKl1X Cl1CTeM B npo11eccax caMOOpraH113a111111 11J111 B KOOp.L\11HaTHOM 

npocTpaHCTBe cp11311qecK11x noJieì1 11n11 r11.npo.n11ttaM11'1eCK11x Te'!eH11ì1. TaK11e 

CTPYKTYPhl 06pa30Ban11cb B pe3ynhTaTe pean113a111111 11p11po.noì1 HeKOTOpbIX an

rop11TMOB, peaJil13Y!OlI(l1X 0611111e 3aKOHhl, 11p11cy11111e 3BOJIIOl_\110H11pyIOlI(l1M 
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c11cTeMaM. B o,nHOM cJiyqae B03H11Ka10m11e c11MMeTp11'IHb1e CTPYKTYPhI 51BJUIIOTC51 

«npOXO,UHbJM11», OTpa)l(afOl.l\11Ml1 KOHKpeTHblH 3Tan pa3Bl1Tl151 pacnpe,neJieHHOH 

OTKpblTOH Cl1CTeMbl. B onpe,neJieHHblX ycJJOBl151X 3Tl1 Cl1MMeTPl14HbJe MaKpO

CTPYKTYPbI (Mopcpo11ornqecK11e ,n1151 OT,UeJJbHhIX opraHl13MOB 111111 TOnoJior114e

CK11e ,1\1151 3Ko11or11qecK11x cTpyKTyp) CTaHos111111cb K11HeT11qecK11 3aTOpMO)l(eH

HhIMl1, 06peTa1111 cpyHKU110Ha1lbHYIO 3Ha411MOCTb, o6ecne411Ba5I 3cpcpeKT11BHOe 11 

cTa61111bHOe cy1UecrnosaH11e B 611oueH03e. B no,no6HhIX c11y4a51x ycnernHaJI 

npOCTpaHCTBeHHO-,UeTepM11H11pOBaHHaJI 3B01110UHOHHaJI «HaXO,UKa» 3aKper1115l-

11acb reHeTl14eCK11 KaK OCHOBa ,[\1151 ,na11&Hei1w11x a,nanTaU110HHblX flO.UCTPOeK. 

Ha1111411eM coxpaHJ110ll\ei1c51 qepe,n&1 nepecTPOeK MO)l(HO s caMOM 061UeM s11,ne 

o6b51CHHTb 6oraTCTBO Cl1MMeTPl1H, BCTPe4alOl.l\11XC51 B o6beKTax )1(11BOH np11po

,Ubl. )],ei1CTB11TeJJ&Ho, MhI 11MeeM TOMY np51Mhie no,nTsep)l(,UeH115I. 

Ha 5IB1leH11e 6110Cl1MMeTp1111 o6paTl11111 BHl1MaH11e eme B )],pesHei1 rpeu1111 

n11cparopei1Uhl B paMKax pa3Bl1BaeMoro 11MH yqeHl1JI o rapMOH11H (V B. ,UO H. 3.). 

B' XIX B. noJ1s111111ch nepBhJe HaY4Hhie pa6oThI, nocBJil.l\eHHbJe c11MM~1111 pac

TeH11i1 (O. TI. )],eKaH,U011h, O . .6paso), )l(l1BOTH&1x (3. feKKe11&) 11 6110Mo11eKy11 

()K . .6 . .6110, A. BewaH, JT. ITacTep). B XX s. no51s111111cb 11cc11e,nosatt115I npo611eM 

Cl1MMeTPHl1 B 611011ornqeCKl1X Cl1CTeMax (coseTCKl1e Y4eHbie 8.11. BepHa,UCKl1H, 

IO. B. By11bcp, B. H . .6eKJJeM11rnes, B. B. AnnaTOB, r. <D. ray3e, .6. K. Bai1Hll1Tei1H, 

B. A. reo,naK51H, ro1111aH,UCKl1H cp11311KO-Xl1Ml1K <D. M. Erep, aHrJJl1HCK11H Kp11-

CTa1111orpacp )],)!( . .6epHa11, HeMeUK11H yqeHblH B. Jl10,UB11r). 3Tl1 pa60Tbl np11BeJI11 

K BbJ,Ue11eHl1!0 B 1961 r. oco6oro HayqHoro Hanpas11eH11J1 - 6110Cl1MMeTpl1Kl1. 

Ha116011ee no11Hoi1 11 a,neKBaTHOH Ha cospeMeHHOM 3Tane HaM npe,ncTaB-

1151eTC51 3BOJJIOU110HHa51 TeOp1151 aCl1MMeTp113au1111 opraHl13MOB, M03ra 11 napHhIX 

opraHOB, ccpopMy1111posaHHaJ1 B. A. reo,naKJIHOM B 1993 r. [8]. Teop11J1 BK1ll0-

q1111a 11Mesw11ec51 K TOMY speMeH11 Cl1CTeMHbJe ,UaHHhJe OTHOCl1Te11bHO 113MeHe

Hl1H Cl1MMeTp11i1 opraHl13MOB B xo,ne 6110JJor11qeCKOH 3B011IOU1111, npO,U011)1(1111a 

11 nepeCMOTpe11a np11H51Tble KOHUenu1111 11 ccpopM11posa11a HOBhIH B3rJJ51,U Ha 

Cl1MMeTp11lO B 11H,UHBl1,Uya11hHOM pa3Bl1THH 11 Ha rrorry11JIU110HHOM ypOBHe. 

l13BeCTHO, 4TO MaKCl1MaJJhHOH CTerreHblO Cl1MM~l1H 0611a,naeT 6ecKOHe4HOe, 

1130TPOITHOe, O,UHOpO,UHOe rrpOCTPaHCTBO. 0,nHaKO B rrpe,ncTas11eHHJ1X o ,Ul1CKpeT

HhlX cpOpMax )1(11BOro Bb1cwei1 c11MM~11ei1 0611a,nacr ccpepa. CornacHo cospeMeH

HhIM oueHKaM, rrepBbJe opraHl13Mhl Ha 3eM11e, BO,UHbie 0,UHOKJJeT04Hhie, 06pa30-

sasw11ec51 rrp11MepHO 3,5 M11p,U JJeT Ha3a,U, 0611a,nan11 MaKCl1MaJJbHO B03M0)1(H0H 

CHMMeTp11ei1 - ccpepH'IecKoi1. CnycT51 2,5 M11p,n 11eT B03Hl1K rroJJosoi1 rrpouecc, 

4TO rrp11se110 K pe3KOMY pocry 611opa3H006pa311J1 11 rrpaKT11'-1eCKl1 O,UHOBpeMeHHO

MY fl051B11eHl1lO MHOfOKJ!eTQqHbIX, 0611a,Ua10m11x pa,U11aJibHOH Cl1MM~11ei1. 11 no

c11e,nywm11e 80 M11H 11eT Ha 3eM11e ,noMHHHposana pa3Hoo6pa3HM cpayHa BeH,na, 

xapaKTepHb!MH 4epTaMH KOTOpoi1 6h!Jll1 MHOfOKJJeToqHQCTh, OTCYTCTBl1e CKe11eTa, 

r11raHTl13M 11 pa,Ul1aJJbHa51 Cl1MM~l1JI. 3To 6b!Jll1 ,UBYXC110HHhle ,U11CKOBl1,UHbJe op

raHH3Ml'.I ,n11aMeTPOM ,no 1,5 M. A ,noM11H11pywm11e rroCJJe,nH11e 650-800 M11H JJeT 

61111aTepaJibHO CHMM~11qHb!e opraHl13Mbl (paKoo6pa3Hbie, pb!6bJ, M11eKOfll1TalO

ll\11e, nTHUhJ, HaceKOMbie) 3aH11Man11 B cpayHe BeH,na ,noso11bHO CKpOMHOe Mecrn. 
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OpraH113MhI ccpep11qecKoii, paL1mUihHOH 11 6mmTepanhHOH CHMMerp1111 coxpatt11-

Jil1Ch B 611occpepe 11 IIIHpOKO pacnpocrpaHeHhI B paCTl1TeJibHOM 11 )Kl1BOTHOM M11pe. 

Pattr CHMMerp1111 B 3TOM PJILIY 3aKOHOMeptto na;:\aeT, a cTeneHh ac11MMerp1111 11 

ypoBeHh 3BOJIIOUHOHHOro nporpecca - B03pacTaJOT. 

Teop115! o6MICHJieT e e;:\11HhIX no311u11ii MHor11e JIBJieH11JI, CBJI3aHHhJe e ac11M

Merp11eii M03ra [22, 23] KOHeqHOCTeH [24] H L1pyrnx napHhIX opraHOB )Kl1BOT

Hh!X H qeJIOBeKa [25, 26]. 
B. A. reoL(aKJIH nmneT, 'ITO ac11MMeTp113au11JI npo11cxoL111Jia no rpeM tta

npaBJieHHJIM: 

• no OCl1 «Bepx - Hl13» - B COOTBeTCTBl111 e op11eHTau11eii rpaBl1Tal.{110H

HOro nOJIJI; 

• no OCl1 «nepe;:\ - 3aL(>> - B npOCTpaHCTBe, KOr;:\a B XOL(e 3BOJIIOL{l1H )KH

BOTHhlM noTpe6osaJIOCh op11eHT11posaHHOe L\Bl1:>KeHHe (XHIL{HHKH 11 :>KepT

Bhl), s pe3yJihTaTe qero s nepeL1Heì1 qacT11 TeJia OKa3aJIHCh rnaBHhJe pe

uenTOph1 11 M03r; 

• no oc11 «nesoe - npaBoe» - so speMeH11, KOrL(a OL(Ha CTopotta 11n11 op

raH CTaHOBl1TCJI 6onee «aBaHrap):lHOtt», a LlpyraJI - «KOHcepBaTHBHOH». 

y rp11aKCl1aJihHO aCl1MMerp114Hh!X opraHH3MOB coxpaHJIIOTCJI ;:\Be npe;:\hl

LIYlllHe ac11MMerp1111 ( «Bepx - HH3» 11 «nepe;:\ - 3aLl»). JlaTepaJihHaJI ac11MMeT

p11JI BKJIJOqHJia ):\Be npe):lIIIeCTBYIOllll1e (cnHHa - 6p!OXO 11 HOC - XBOCT). ITp11 

3TOM JiaTepaJihHaJI aCHMMerpH3al.{115!, KaK H JlOJIOBaJI L\HcpcpepeHL{Hal{HJI, HL(eT OT 

HH3IIIHX yposHeH opraHH3al.{1111 K Bh!CIIIHM ( cpyHKL{l1JI --+ opraH --+ opraHH3M --+ 

nonyJIJIL{11JI). 

)J,OMHHaHTHOCTh eCTh cpopMa ac11MMerp1111: L\OMHH11pyJOmee noJiyrnap11e 

11Jil1 opraH nyqIIIe Bh!IIOJIHJIIOT CBOl1 cpyHKL{Hl1 H noTOMY 6oJiee npe):lnO'ITl1TeJih

Hhl. ACHMMerp115! HenapHhlX opraHOB MO:>KeT 6b!Th TOJihKO MOpcponor11qecKOH -

no 11X JIOKaJIH3al.{1111, cpopMe mm op11eHTau1111; y napHblX opraHOB B03MO:>KHa L(O

nOJIH11TeJTbHaJI aCHMMerp11JI - pa3MepoB 11 cpyHKL\HH. EcJI11 opraHhI Bh!IIOJIHJIJOT 

6oJiee OL\HOH cpyHKl.{1111, OHl1 MOfYT 11MeTb pa3HOe HanpaBJTeH11e B npocrpaHCTBe H 

cTeneHh L\OMl1H11posaH11JI. ITo3TOMY 3JieMeHTapttoii e;:\11H11ueii ac11MMerp1111 JIBJIJI

eTCJI npe11MymecTBeHHO cpyHKL{l1JI, a He opraH, KaK np11HJITO cqHTaTh (Hanp11Mep, 

qenoBeK MO:>KeT 6b1Th no OL\HOtt cjiyHKL\11H npaswoìi, no Llpyroii - qacrnqHo 

neBwoii, a no TPeThett - c11MMerp11qeH). Co 3Haq11TeJihHOH L\OJieìi MaTeMaT11qe

CKOH HecrporoCTl1, CJTe):lyJI aBTopy Teop1111, MO:>KHO CKa3aTh, qTo aCHMMerp11JI op

raHOB 11 oprattmMa B uenoM - BeKTopHaJI CYMMa ac11MMerp11ì1 pa3HhlX ero 

cpyHKL\11H, a nonynJiu110HHaJI ac11MMerp11JI - BeKTopHaJI CYMMa ac11MMerp11ii q11c

neHHOCTH, L\11CnepCHtt 11 JiaTepaJibHOro ):ll1MOpcp113Ma cy6nonynJIL{HH aCHMMeT

p11qHh!X opraHl13MOB. TaKHM o6pa30M, 113 qeThrpex ypoBHeii ac11MMerp1111 (cpyttK

UHJI, opraH, opraH113M, nonyJIJIL{11JI) L\OMHHaHTHOCTh <<B q11CTOM Bl1):le» np11cyma 

TOJThKO cpyttKlll15!M, OCTaJihHhie aCl1MMerp1111 orrpe):leJIJIJOTCJI BeKTOpHO no q11cny, 

HanpaBJieHHIO H CTeneHH ):lOMHHaHTHOCTH 11X cpyHKL{11H. 

3BOJIIOL{HOHHaJI aC11MMeTp11JI, TeOpHJI noJia H nOJIOBhlX xpOMOCOM OCHOBaHhl 

Ha npHHL{Hne conpJI:>KeHHh!X no;:\Cl1CTeM, KOTOphle 3BOJIIOL{l10HHpyJOT aCHHXpOH-



3.2. CaMoopratt1113al\ll1H. HaYana c111tteprern1<111 249 

HO. Ac11MMerpID1 no OCl1 <<JJeBoe - npasoe» CB.ll3aHa e aCl1HXpOHHOH 3BOn10u11eì1 

CTOpott Tena. 3son10u11.ll M)l)KCKoro nona 11 nesoro rronywapIDI tta•mttaeTcH 11 

KOH'JaeTCH paHbllle, 'JeM COOTBeTCTBeHHO )!(eHCKOro nona 11 rrpasoro nonywap11H. 

Hosb1e cpyttKU1111 B cp11norette3e rrOHBn.l!IOTCH ctta'Jana B rettomrre M)l)KCKOro rrona, 

a 3aTeM nepenaIOTCH JKeHCKOMY nony, 11 uettrpbl yrrpaBJieHIDI cpyHKU11HMl1 (LlOMl1-

H11posatt11e) no.l!BJI51IOTCH cHa'lana B JJeBOM rronywap1111, a 3aTeM nepeMemaIOTC.ll B 

rrpasoe. Kp11Tep11eM n0Kanmau1111 cpyttKU11ì1 HBJI51eTCH 11x 3son10u110HHh1ì1 so3-

pacT: MOnO,llb!e cpyHKU1111 ynpaBJI51!0TC51 neBhIM nonywap11eM, a CTapb!e - npa

Bb!M. 3ToT cp11noreHeT11'JeCKl1H C,llB11r BO speMeHl1 C03,llaeT nonOBOH ,lll1M0pcp113M 

B ITOITYJIHU1111 11 JiaTepaJibHblH ,lll1MOpcp113M M03ra 11 Tena. TeopIDI n03BOJI51eT ycTa

HOBl1Tb CB513b ac11MMerp11.ì1 M03ra, KOHe'JHOCTeì1 11 npyr11x napHb!X opraHOB e no

JIOM, OHTOreHe30M 11 cp11noreHe30M B 611onor11'leCKOH 3BOn!OU1111. 

Tionara.ll CrrpaBe,llnl1Bb!M ITOCTyJiaT 3. reKKenH O TOM, YTO «cp11norette3 

OTpalKaeTCH B OHTOreHe3e», Mb! MOlKeM OTMeTl1Tb qepe.ny socrrp0113BO,ll.ll1l{l1X

C.ll Cl1MMeTpI1ì1 - B03Hl1KHOBeH11e 6MnaTepaJibHOH (LlBYCTOpOHHeì1) Cl1MMeT-
c ~ 

pI1I1 y 3apO,llbJlllel1, pa3Bl1Bal01l{l1XC51 113 pa.n11aJibHO-Cl1MMeTpl1'1HblX H11U B 

rrpouecce Mopcporette3a. 3To Hsnett11e, Ha3hmaeMoe CUMMempu3a14ueu, my'le

HO npe11MymecTBeHHO y no3BOHO'lHhIX lKl1BOTHhIX. TinocKOCTh c11MMeTpH11, 

pa3nenHI01l{a.ll 3apO,llbllll Ha rrpaByIO 11 nesyIO CTOpOHbl, 11 0,llHOBpeMeHHO nop

COBeHrpanbHaH nonHpHOCTb orrpenenHIOTCH no Ha'lana npo6JieHl151 ( oceTpOBbJe 

pbI6hI, 3eMHOBO,llHble) 11Jil1 B KOHUe nep11ona npo6JieHl1.ll (aKyJIOBbie pbl6bi, 

rrT11UhI, MJieKorr11Ta10mHe). Hcxo.nttaH HHUeKneTKa B rrepsoM np116JI11JKeH1111 

11MeeT cpopMy wapa. 3Ta c11MMeTp11.ll coxpattHeTC.ll Ha cTa.n1111 6nacTynhI, Korna 

KneTK11, B03H11Ka10m11e s pe3ynhTaTe .nenett11.ll, eme tte .n11cpcpepettu11posattb1. 

JJ:anee ccpep11'leCKa5! Cl1MMerp11.ll ycTyrraeT MeCTO aKCl1aJibHOH Cl1MMeTp11H. Ha 

CTa.n1111 racTpynhI ttapywaeTC.ll 11 3Ta c11MMeTp11H - o6pa3yeTCH car11TaJihHaH 

nnocKOCTb, OT.[(eJrnIOwaH 6p!OWHYIO nonoCTb OT CITl1HHOH. YcnO)!(HeH11e Cl1C

TeMbl conposolK.[(aeTcH noH11JKett11eM pattra ee c11MMeTp1111 . CymecTsyeT na)!(e 

Bb1pa)!(eH11e «nopH,llOK eCTb ttapywett11e Cl1MMeTp1111» (Mbl 6bJ CKa3an11: «ITOHl1-

)!(em1e Cl1MMerp1111») . JJ:eì1CTBl1TenbHO, 3.[(eCh rrp011CX0.[(11T CMeHa pattra Cl1M

Merp1111, 11 MOlKHO rronaraTb, 'JTO 3TOT aKT Bocnpo113B0.[(11T ,llaBHl1H 3ITl130,ll B 

611onorM'leCKOH 3BOJllOUl111, KOr,lla np011CXO,lll1JIO o6pa30Batt11e MHOroKJieTO'l

HblX opraHl13MOB. 

Boo6me )!(e y asTopos 11MeeTC.ll coo6pa)!(ett11e, 'JTO yrroMHHyToe Bhirne 

rrpas11no reKKenH 11MeeT CyI.UeCTBeHHO 6oJiee lll11pOKOe rrpe.[(CTaBl1TenbCTBO 11 B 

HelKl1BOH, 11 B lK11BOH np11pone: 

3BOJllOU,1110H111pylOll\111e Cil1CTeMbl, COCTaBJlHIOll\1!1e 111epapx111t0 aKTll1BHblX cpe,ll, 

BCJleACTBll1e aBTOBOJlHOBOro rnna CaMOOpraHl!13aLJ,1!1111 B CBOeM pa3Bi11Til1111 BOC

np01!13BOAHT noCJleAOBaTeJlbHOCTb Til1nOB Cil1MMeTp111111 , csoikrneHHYIO Hil1>KH111M 

ayneHHM. 

Oco6oe MecTO B anep11on11qecKoì1 crpyKTypHOH opratt113aU11H HrpaeT c11M

MeTp11.ll 5-ro nopH.nKa, nmpoKo pacnpocrpaHeHHaH B 611onor11qecK11x o6beKTax. 
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Ha1rn1c111e oceii 5-ro nop51.UKa 11cnoJib3yeTC51 naneoHTOJIOraM11 .!lJI51 .uoKa3aTeJib

cTBa 611onor111c1ecKoro (He reonor111c1ecKoro) npo11cxolf<.aeHH5! o6beKToB. Ocb 

CHMMeTp11H 5 -ro nop51.UKa 51BJI51eTC51 y MeJIKHX opraHH3MOB CBOeo6pa3HblM HH

CTpyMeHTOM .!lJI51 6opb6bI 3a cymeCTBOBaHHe, CTpaxoBKOH npOTHB OKaMeHeno

CTl1, Kp11CTaJIJil13aUHH. 

PeHTreHorpaMMhI .ualf<e TaKHX npocThIX opraHl13MOB, KaK s11pych1, rosop51T 

o BhICOKOH CTeneHH peryn5!pHocT11 11x cTpyKTyphI 11 o Han111c11111 oceil CHMMeT

p1111 5-ro nop51.UKa. Ha cpornrpacp1151x, nony<1eHHhIX e noMOIUbIO 3JieKTpOHHOro 

MHKpOCKOna, MOlf<HO ys11.ueTh, LITO HeKOTOphie pa3HOBH.!lHOCTH BHpycoB o6na.ua

IOT cpopMOH, noxolf<eH Ha npaBHJihHhIH MHOrorpaHHHK - HK0Ca3.!lp, T. e . KOJIO

HHl1 B11pycos cnoco6HhI o6pa30BhIBaTh CTPYKTYPhI e c11MMeTp11eil 5-ro nop51.UKa. 

B KaL!eCTBe .upyroro np11Mepa no.uo6HOH CHMMeTpHH MOlf<HO npHBeCTl1 MOp

CKHe 3Be3.!lhl. ITo.uo6HOH CHMMeTpHeH o6na.aaIOT TaKlf<e MHorne .upyrne npe.u

CTaBl1TeJIH MopcKOH <PnophI 11 cpayHhI. ITp111c1eM Hap51.!lY e neHrnroHaJihHOH 

Cl1MMeTpHeH BCTPeLiaeTCH TaKlf<e H CHMMeTpHH 6onee BhICOKHX nop51.!lKOB HJIH 

coc('ymecTBOBaHHe pa3JIHL!HhIX THnOB Cl1MMeTp1111. 

Pfllc. 3.8. PaKOB"1Hb1 

ITp11MepoM npttpO.!lHhIX o6beKTOB, 

06na.ua10m11x cn11panhHOH CTPYKTypoil, 

51BJI51IOTC51 paKOBHHhl MOJIJIIOCKOB - aM

MOHHTOB (p11c. 3.8). PaKOBHHhI 6p10x0Ho

rnx MOJIJIIOCKOB x11paJihHhJ: y 6onee 90 % 
TaKCOHOB HX OCH o6pa3yIOT npasyIO CnH

panh [27, 28]. Jlesocn11panhHhie paKOBH

HhI BCTpe1c1aIOTCH y MYTaHTOB, 11Hor.ua y 

uenhIX nonynHUHH npasocn11panhHhIX BH

.uos, KpoMe Toro, cymecTByIOT 11 nesocn11-

panbHb1e BH.!lhI, po.Uhi 11 .aalf<e ceMeHcTBa. 

CMewaHHhie nonyn51u1111 .!lOJilf<HhI 6hITh 
MonntoCKOB - aMMOHHTOB 

HeycTOHL!HBhl, nOCKOJihKY x11paJihHOCTh 

paKOBHHhl onpe.uenHeT 11 x11paJihHOCTh reHHTaJil1H, no3TOMY .!lJl51 x11paJihHOro 

M<';HhWHHCTBa Bep051THOCTh ycnewHoro cnap11BaHl15! MeHhwe, L!eM .!lJl51 60Jih

W11HCTBa, H nonyJI51UH51 nocTeneHHO .!lOJilf<Ha CTaHOBHThCH x11paJihHO 411CTOH. 

TaKa51 penpo.uyKTl1BHaH 1130JJHU11H oco6eil e pa3HOH x11panhHOCThIO paKOBl1HhI, 

B03M0lf<HO, HBJIHeTCH 0.!lHOH 113 npHL!HH B03Hl1KHOBeHl151 HOBOro s11.ua. 0.uHaKO 

B HeKOTOphIX pe.UKHX cnyqaHx y cyxonYTHhIX BH.!lOB, Hanp11Mep y no.upo.ua Amphi
dromus s. str. 11 s11.ua Partula suturalis, B03MOlf<HhI cnyqaHHhie cnap11saH115! Me" 

lf<.!lY oco6HMH e pa3HOH x11panhHOCThIO. ::ho no3BOJIHeT 11ccne.uosaTh reHeT11Ky 

x11paJihHOH aCl1MMeTp1111 y TaKl1X yn11TOK. 

)J,11Mop<PHh1e nonyn51u1111 Partu/a B np11po.ue BCTPeLiaIOTCH B s11.ue y3Kl1X 

KJil1HOB Melf<.!lY MOHOMop<PHhIMl1 nonyJIHU1151MH npOTl1BOnOJIOlf<HOH cn11paJihHO

CTl1. Penpo.uyKT11BHaH 1130JI51U1151 3as11c11T 11 OT cpopMhI paKOBHHhI: OHa npaKT11-

1c1ecK11 nOJIHa51 .!lJlH oco6eil pa3HOH XHpaJihHOCTH e KOpOTKOH paKOBl1HOH 11 qac

THL!HaH .!lJlH oco6eil e .!lJIHHHOH paKOBHHOH . 
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feHeTH'-!eCKHe HCCJie.UOBaHmI nOKa3aJil1, lJTO x11paJibHOeTh paKOBl1Hbl on

pe.uem1eTeJ1 O.UHHM JIOKyeoM B MaTep11HeKOM reHoMe, npH4eM y Partula .uoM11-

H11pyeT neBoen11paJibHbJH annenh, a y Lymnaea .,...- npaBoen11panhHhlH. XapaKTep 

HaCJie)lOBaHml x11paJihHOeT11 TaKOB, lJTO HeT Koppemll..(1111 Me)l(.uy XHpaJihHO

eThlO, 3aKo.u11poBaHHOH B eooTBeTeTBYIOllleM JIOKyee reHoMa yn11TK11, 11 peaJih

HOH x11paJihHOeTblO ee paKOBl1Hbl. <l>eHOTl1n )l(J1BOTHOI'O KOHTpOJI11pyeTell He 

ero eo6eTBeHHhIM reHOTl1CTOM, a reHOTl1TIOM ero MaTep11. 

ITp11 enapHBaH1111 oeo6eìi Partula suturalis e pa3HOH xHpaJibHOeTblO nep

Boe noKoJieH11e F 1 Haene.uoBano x11paJihHOCTh «MaTepm> (3Tl1 yn11TK11 - rep

Ma<Ppo.u11Tb1, 003TOMY MaTep11HeKHH opraH113M - TOT, KOTOpblH npe.uoeTaBI1JI 

llHUeKJieTKy). ITpH eKpemwBaH1111 oeo6eì1 F1 Me)l(.uy eo6oìi Bee noToMeTBo F2 

11MeJIO JieBocn11panbHbJe paKOBl1Hh! He3aBHel1MO OT x11paJibHOeT11 pO.UHTeJieH . 

ço6eTBeHHhie reHOTHnbI nOKOJieHHll F 2, B03MO)l(HO, no.upa3.ueJIHJil1Cb B KJiaeew

<leeKOM MeH)leJieBeKOM COOTHOllleHHI1 3 : I, HO 3TO He npOllBHJIOCh B HX <PeHO

T11fiax. Oco611 F 1 caM11 6b1J111 JieBOCTOpOHH11MH 11JI11 npaBOCTOpOHHl1MH B paB

HOH nponopUHH, 06na.ua51 O.UHHaKOBbJM reTepo311roTHbIM reHOTHnoM, H no3TO

MY BCe npOH3BeJil1 JieBOCTOpOHHee TIOTOMCTBO. 

TaKoe )!(e Hacne.uoBaH11e xwpaJihHOCTl1 (Ho npaBocnHpaJihHOH) no MaTe

pHHCKOH JittHHl1 e 3ana3)lbJBaHHeM (delayed materna/ inheritance) 6brno paHee 

o6Hap~etto y npeCHOBO.UHOH yJI11TKl1 - npy.uoBttKa (Lymnaea peregra, Lym
naea stagnalis). 

KaK 6b1JIO noKa3aHo B 11ceJie)loBaHtt5!X Ha Amphidromus inversus [29], 
pa3HbJe <PopMbl y .UttMop<PtthlX BI1.UOB MOI'yT OTJil14aTbe5! He TOJibKO x11paJihHO

CThlO, HO tt HeKOTOphlMl1 .upyrHMH napaMeTpaMH paKOBHHhl: JieBOCnHpaJihHble 

paKOBHHbl 6bJJIH 3Ha411MO wttpe H 6oJiee 3aKpyqeHbl 110 cpaBHeHHIO e 11paBO

CllHpaJibHbIMH. 3To YJlHBttTeJibHO, TIOCKOJibKY .UJIHTeJihHall HCT0p11ll coeymeCT

BOBaHtt5! 3HaHTHOMOpcpoB npe.u110JiaraeT, lJTO Bee 3BOJIIOU110HHO HeBhlfO)lHhle 

OTKJIOHeHtt5! B <PopMe paKOBl1Hbl )l0JI)l(Hbl 6hITb HHBeJIHpOBaHbl. 

XttpaJihHOCTh paKOBHHbl 011pe.uenJ1eTcJ1 Ha caMhJX paHHttx CTa.UHllX 3M-

6pttoHaJibHOro pa3BttTH5! YJIHTKH H HMeeT xapaKTep 6H<PypKaUHH. To'!Hhie Me

xaHH3MbI, 011pe.ueJI5!10lUHe BhI6op THna CHMMeTpHH B 3TOM CJiyqae, llOKa He H3-

BeeTHhl, HO y)i(e eCTh )laHHbJe o B03M0)1(H0H 110HHOH peryJI5!UHH Bbl6opa CHM

MeTPl111 y n03BOH04HblX . 

DblJIO 110Ka3aHo, 'ITO ac11MM~w-rnoe pacnpe.ueJieHHe opraHOB OTHOCH

TeJibHO 11pOJlOJihHOH OCH CHMMeTPHl1 TeJia 1103BOHO'!HhlX (lllnopueBbJe MrYllJKl1, 

UblllJll!Ta) CB5!3aHO e B03HHKHOBeHHeM aCHMMeTPHH B pacnpe.ueJieHttH 3JieKTPH

qeeKOI'O noTeHuHaJia (o6ycnosneHHoro aKTttBHOCThlO H,K-AT<l>a3hl) B 3M6pHOHe 

Ha paHHHX CTa)ltt5!X pa3BHTl1ll (nocJie nepBhlX JlByx .ueJieHl1H OTIJIO)lOTBOpeHHOH 

llHUeKJieTKtt) [30). fbMeHeHHe 3TOI'O pac11pe.ueJieHl15! e noMOlllblO reHeTH'!eCKHX 

MeTO)lOB HJIH cpapMaKOJIOI'l14eCKHX npenapaTOB npHBO)lHT K reTepornmrn BHyT

peHHHX opraHOB tt HepBHOH CHCTeMhJ. TaKHM o6pa30M, npaso-JieBal! aettMMeT

pH51 0Ka3bIBaeTCJI 3aBHellmeì1 OT O'leHh paHHeH .UHcpcpepeHUHpOBKl1 KJieTOK 110 

11HTeHCHBHOCTH 110HHhlX noTOKOB, C03,UaBaeMhlX O)lHl1M tt3 110HHhlX HaCOCOB. 
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P111c. 3.9. l..lsernK noAconHe4Hl!1Ka 

e pacnono)l(eH111eM ceMHH 

B B111Ae ABYX BCTpe4HbD: 

apx111MeAOBblX cn111paneilt 

l13yqett11e HacJieAOBaHl1H np113HaKOB 

y «npas&IX» D- 11 «JieBbIX» L-cpopM op

ratt113MOB noKa3aJIO, 'ITO 11X «npaBl13Ha» 

11Jil1 «JieBl13Ha» MO)l(eT 6b!Tb HaCJieACT

BeHHOH, HeHaCJieACTBeHHOH HJIH 11MeTb 

xapaKTep .nn11TeJI&HOH a.nanTau110Httoi1 

11Jil1 3BOJIJOI1110HHO HeHTpaJibHOH Ha AaH

HOM 3Tape MOAl1<ÌJl1Kau1111 . ::ho no.npa3y

MeBaeT, 'ITO, no Kpai1ttei1 Mepe B pHAe 

CJiy<IaeB, x11paJibHOCTb opraHl13MOB 11Jil1 

11X qacTeH MO)l(HO 113MeHHTb nYTeM B03-

.nei1CTBHH MYTareHHbIX 11n11 HeMYTarettHbIX 

X11Ml1'1eCKl1X coe.n11HeHl1H 11Jil1 <ÌJl1311'1e

CKl1X cpaKTopos. B 'laCTHOCT11, D-unaM

MbI (no MOpcponorn11 KOJIOH11H) M11Kpoop

raHl13Ma Bacillus mycoides np11 Bb1pall(11-

satt1111 11x Ha arape e D-caxapo3oi1, L-.n11-

r11TOHl1HOM, D-Bl1HHOH Kl1CJIOTOH MO)l(HO 

npespaT11Tb B L-rnTaMMbI, a L-rnTaMMbI -

MO)l(HO npespaTl1Tb B D-rnTaMMbI, Bb1pa

ll(l1BaH 11X Ha arape e L-Bl1HHOH Kl1CJIOTOH 

H D-aMHHOK11cnoTaMH. B npHpo.ne B3aH

Monpespall(eH11H D- 11 L-cpopM MOrYT npoHCXOA11Tb 11 6e3 HcKyccrnettttoro 

BMeurnTeJibCTBa. ITpH 3TOM CMeHa BHAOB CHMMeTpHH B 3BOJIJOI1HH npOHCXOAHT 

He TOJibKO y 3epKaJibHO CHMMeTp11'1Hb!X opraHH3MOB. 

CTPYKTYPHOe ynopHAO'lett11e B pacnoJIO)l(ett1111 3epett, qernyeK, JIHCTheB H 

.npyrHX 3JieMeHTOB Ha3bIBaeTCH </JWl!lomaKCUCOM. 06beKTbl <ÌJl1JIJIOTaKCl1Ca, KaK 

npaBHJIO, 11MeJOT CTPYKTYPY uHJI11HAPH'lecKoro HJIH KOH11'!ecKoro s11.na. 06&1'1-

Ho, 3epHa HJIH qernyHKH eJIOBOH Wl1WK11, aHaHaca o6pa3yJOT KBa3HperyJIHpHoe 

nOKpblTHe nosepXHOCTH, B KOTOpOM coce.ntt11e H'leHKl1 o6pa3yJOT cnHpaJIH na
pa_cmuxu. Ha pHc. 3.9 npe.ncTasJieH useTOK no.ncoJIHe'lHHKa e pacnoJIO)l(eHHeM 

CeMHH B BHAe A BYX BCTpe'IHb!X apx11MeAOBb!X cnHpaJieH. 

06b!'1HO y pacTeHHH '111CJIO napaCTl1X HBJIHeTCH nocJieAOBaTeJibHb!MH 

'lHCJiaMH <l>H6otta'1'111, a 11X OTHOWeH11e - nOAXOMll(eH Ap06bJO AJIH 30JIOToro 

ce'!eHHH. ,[{pyroe IIpOHBJieHHe <ÌJ11JIJIOTaKCl1Ca 3aKJIJO'!aeTCH B CJieAyJOll(eM: na

paCTHXl1 no cpopMe MOrYT 6b!Tb O'leHh 6JIH3KH K JIOrapH<ÌJMl1'1eCKOH cn11paJIH. 

CBOHCTBO caMono.no6HH B 3TOM cnyqae HBJIHeTCH qpe3BhI'laHHO Ba)l(Hh!M H CBH-

3aHO CO CBOHCTBaMl1 11H<ÌJJIHI111H 11 .necpJIHI111H (cppaKTaJihl) y o6beKTOB e KBa3HK

p11CTaJIJIH'leCKOH c11MMeTpHei1. Csoiicrno caMono.no6HH (cppaKTaJihI) AOJI)l(HO 

6h!Th ABOHCTBeHHhIM: BO-nepBhIX, OHO AOJI)l(HO 6hITb 3aJIO)l(eHO reHeTl1'1eCKH B 

np11pOAHhIX o6beKTax H, BO-BTOphIX, caM11 CTPYKTYPhI AOJI)l(HhI o6na,naTh csoii

CTBOM cppaKTaJIOB. (K onpe,neJieHHJO H 06cy)l(,neHHJO 3TOro TepMHHa o6paTHMCH 

'lYTh Hl1)1(e.) 
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KaK MbI Morn11 y6e.u11TbCH, .u11cc11naTl1BHb1e CTPYKTYPbI, 06pa3yeMb1e ca

MbIMl1 p33Hb!Ml1 no np11po.ue .u11cc11naT11BHb!Ml1 Cl1CTeMaM11, nopa311Te11bHb!M 

o6p330M socnpo113BO.UH o.u11HaKOBb1e reoMeTp!1'-1ecK11e cjmrypbI , 0611a.ua10m11e 

CXO.UHbIMl1 Cl1MMeTp11.sIMl1. ITp11Bb!KHYB K MHeHl1IO o TOM, qTO 611011or11qecKa.sI 

3B01110l111.ll C03,UaeT OITTl1Ma11bHble no COOTBeTCTBl1!0 CTPYKTypbl 11 cjJyHKl11111 

(HOfl1 - XO,U11Tb, fJ1a3a - 811,UeTb, yurn - ... 11 T . .u.), B c11yqae e C11MMeTp11.sIMl1 

611006beKTOB Mb! He scer.ua MO)f(eM OTBeTl1Tb Ha Ba)f(Hb!H sonpoc: <<3aqeM?». 

I10H51THO, 3aqeM y 6a6oqeK 111111 nTl1l1 Cl1MMeTp11'-1Hbl KpblJ1b51, 0,UHaKO a6co1110T

HO He .l!CHO, 3aqeM y no.uco11Hyxa B KOp311HKe ceMeHa y11o)f(eHbl B 811,Ue .UBOHHOH 

apx11Me,UOBOH cn11pa1111. l1 He T011bKO y no.uco11Hyxa, 11 He T011bKO .UBYMH sc-rpeq

Hb!Ml1 crr11paJ1.llMl1 pa3Horo pa.u11yca. Ec1111 rosop11Tb o rr110THOH yrraKOBKe, TO 

Bap11aHTOB MOfJJO 6bi 6bITb HeMa110. 11 TaKl1X np11Mepos - MHO)f(eCTBO. 

Perym1pHOCTb socnp11H11MaeTcH HaM11 KaK npoHs11eH11e caMoopraH113au1111 . 

0.uHaKo pezy; mpHOCmb - He scer.ua rrep110.u11qHOCTb! 

C' CymecTByeT MaTeMaT11qecKa.sI 3a.uaqa OTHOCl1Te11bHO IT0Kpb!Tl151 n110CKO

CTl1 MHoroyr011bHl1KaMl1, pa3H006pa311e cjJopM KOTOpblX orpaH11qeHO. Borrpoc 

COCTOl1T B TOM, B03M0)f(H0 1111 BblJ10)!(11Tb BCIO rrosepxHOCTb n011HOCTblO, 6e3 

pa3pbIBOB 11 Hax11ecTOB, 11cno11b3Y.sI T011bKO cjJ11rypb1 3a.uaHHbIX cjJopM . TaKaH 

rrpoue.uypa Ha3bIBaeTC51 3QMOUjeHUeM flllOCKOCmu. ,[(ocTaToqHo O'leB11.UHO, 'ITO 

orpaH11qeHHbIM tta6opoM cjJ11ryp MO)f(HO BblJ10)!(11Tb nep110.u11qecKy10 CTPYKTY

py, onpe.ue11eHHbIM o6pa30M nosTopH.sI ::i11eMeHTbI. TaKoe 3aMOIUeH11e B03MO)f(HO 

np11 11CIT011b30BaHl111 O.UH11X T011bKO KBa.upaTOB, paBH06e.upeHHb!X Tpeyr011bHl1-

KOB 111111 rrpaBl111bHb!X 6-yro11bHl1KOB (n'le1111Hb!e COTbl , cpaceTK11 rna3 HaceKo

MbIX, 51qefiK11 EeHapa 06pa3y10T .usyMepHbie reKcaroHa11bHbie cTpyKTypb1), HO 

HeBbIII011Hl1MO e noMOlllblO npas1111bHbIX 5-yro11bHl1KOB. BMecTe e TeM np11 rre

pexo.ue OT .usyMepHOH n110CKOCTl1 K TpexMepHOMY rrpocTpaHCTBY B03M0)f(H0 

cpopM11posaH11e Cil110WHbIX rrosepxHOCTeH 113 Tex )!(e npaBl111bHbIX 5-yr011b

Hl1KOB (Hanp11Mep, rreHTO.UO.UeKa::i.up 111111 cjJyT6011bHblH M51q) , 

0.uHaKo cymecrnyeT 11 3a.ua1rn 06 OTbICKaH1111 Ha6opa reoMeTp11qecK11x 

cjJ11ryp Ha IT110CKOCTl1 (n1111TOK), KOTOpb!Ml1 eBKJJ11.UOBa n110CKOCTb MO)f(eT 6b1Tb 

noKpbna T011bKO Henep110.u11qecK11M o6pa30M. B 1961 r. 6brno noKa3aHo, qTo 

He cymecTByeT a11rop11TMa, onpe.ue11.sI101llero B03M0)f(HOCTb/ HeB03M0)f(H0CTb 

3aMomeHl1.ll rr11ocKOCT11 np11 n0Mom11 3a.UaHttoro Ha6opa n1111TOK. I103)f(e 6brn 

npe.Ub51B11eH Ha6op 113 20 426 IT1111TOK, KOTOpblMl1 Henep110,U11'1eCKl1 MO)f(HO no

Kpb!Tb IT110CKOCTb, B .ua11bHeìiweM K01111'1eCTBO n1111TOK 6blJ10 COKpameHO CHa

qa11a .uo I 04, a 3aTeM .uo 6 11, HaKoHeu, .uo 2 (p11c. 3. l O). P. I1eHpoy3 no11yq1111 

3TOT Ha6op 113 2 - x n1111TOK nyTeM pa31111qHbIX MaH11rry11.sil(l1H pa3pe3amrn 11 

CK11e11saHl1.ll e .upyr11M Ha6opoM 113 6 n11HTOK. 

Ha.uo 3aMeTl1Tb, 'ITO no.uo6ttb1e Henep110.u11qecK11e 3aMomeHl151 6b11111 06-

Hap~eHbl e ITOMOlllblO 311eKTpOHHOH M11KpOCKOil1111 Ha nosepxHOCT51X HeKOTO

pb!X KBa311Kp11crn111111qecK11x CTPYKTYP· BMeCTe e TeM cymecrny10T Ha6opbl 

IT1111TOK, KOTOpb!Ml1 MOfYT 6b!Tb BbIJ10)f(eHbl KaK nep110.u11qecK11e, TaK 11 Hene

p11o)l11qecK11e napKeTbI. 
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P11c. 3.10. nn11TKl1 neHpOy3a, KOTOpblMl1 nnoCKOCTb 
MO>KeT 6b1Tb 3anonHeHa TOnbKO Henep110Al1YeCKl1M o6pa30M 

Eme O.UH11M ttanpasnett11eM ttayK11, CBll3aHHbIM e om1catt11eM npoc-rpaHCT

BeHHo-speMeHHOH opratt11Jau1111 c11cTeM, llBJJlleTCll Teop1151 cppaKTanos. TepM11H 

«</JpaKmwrn (naT.fractus - .upo6neHbIH) 6hrn sse.ueH I>ettya Matt.uenb6poTOM s 

1975 r. 11 03Ha'IaeT reoMeTp11'IeCKYIO qrnrypy, KOTOpall o6na.uaeT CBOHCTBOM 

(' caMono.uo611ll, 11JJl1 MacwTa6HOH l1HBap11aHTHOCTblO, T. e. 3TO MHO)!(eCTBO TO

'J"eK B eBKJJl1,UOBOM npoCTpaHCTBe, 11Me10ru11x .upo6ttyIO MeTp11'IeCKYIO pa3Mep

HOCTb (npe.ucrnsnett11e o .upo6ttoi1 pa3MepHOCTl1 6bIJJO sse.uetto <D. Xayc.uop

cpoM). B orn11q11e OT perym1pttb1x CTPYKTYP (oKpy)!(HOCTb, 3111111nc 11 T . .u.), 

He6011bWOH cpparMeHT KOTOpblX np11 3Ha'111Te11bHOM yseJJ11'1eH1111 - scer.ua 1111-

Hl1ll, yse1111'lett11e MacwTa6a 111111 .upo611ett11e cppaKTa11bHblX c-rpyKTyp He se.ui:!T 

K 11X ynpomeHl1IO 11 113MeHeHl1IO - 3TO CBOHCTBO caMono.uo611ll . 

HanoMHl1M, 'ITO s K11acc11qecKoii MaTeMaT11Ke 1111H11ll - O.UHOMeptta, no

sepxHOCTb - .usyMeptta, npoCTpaHCTBO - TpexMeptto. Ec1111 rna.uKall eBKJJl1-

.uosa JJl1Hl15! 3a0011HlleT B TO'IHOCTl1 O.UHOMepttoe npocTpaHCTBO, TO cppaKTa11b

Hall n11H11ll, BhI XO.Ull 3a ero npe.ue11b1, '!aCTl1'IHO 3anoJJHlleT .UBYMepttoe. Kor.ua 

Mb! fOBOp11M, 'ITO no1111nenT11,UHbie uen11 6e11KOB 111111 Hl1Tl1 M011eKyJJ LJ:HK o.u

HOMepHbl 11JJl1 'ITO MeM6paHbl KJJeTOK .UByMepHbl, Mb! OTXO,U11M OT MaTeMaTl1'Ie

CKOH TO'IHOCTl1 ueJJO'll1CJJeHHblX CTeneHHb!X npe.ucTaB11eHl1H, IlOCK011bKY 3Tl1 

o6beKTbI 11Me10T HeCKOJJhKO 66JJbWyIO .upo6tty10 pa1MepHOCTb. B O.UHOMepttoH. 

1111tt1111 CTPYKTYPHbie cpa30Bb1e nepexo.ub1 (n11asnett11e, KOH.Uettcau11ll) HeB03-

MO)!(HbI, a B03MO)!(Hbl OHl1 TOJ!bKO B TpexMepHbIX o6beKTax (n . .n:. flaH.uay). 

U:en11 CBepttyTbIX B rno6yJJbl 11JJl1 cn11pa1111 M011eKy11, a TaK)!(e MeM6paHbl 3a

Il011HlllOT KOHe'IHOe npOCTpaHCTBO, T. e. llB11lllOTCll TpexMepHb!Ml1 06beKTaM11, 11 

IlOTOMY B Hl1X B03M0)!(Hbl cpa30Bble nepexO,Ubl. TaK, B rno6y115!pHb!X 6eJIKax 11 

.UBOHHOH cn11paJI11 LJ:HK B03MO)!(Hbl npol(eCCbl ,UeHaTypal\1111 (xaOTl13au1111 yna

KOBKl1 Hl1Teii.), a B MeM6paHax - nJJaBJJeH11e Jl11Ill1,UHOfO 611CJJ05!. 

B cp11311Ke cppaKTaJibl npol!BJilllOTCll np11 MO.UeJI11posaH1111 HeJI11HeHHbIX 

npoueccos Typ6yJieHTHoro Te'IeH11ll )!(11,UKOCTl1, .u11cpcpy31111-a.ucop6L11111, rope

Hl1ll, np11 on11catt1111 CTPYKTYPbI nop11cTbIX MaTep11anos; B 6110Jiorn11 - 11epap

x11'!eCKOH oprattl13au1111 nonyJilll(l1H 11 ,UJ!ll on11caHl15! Cl1CTeM BHy-rpeHHl1X op

raHOB (c11cTeMa KpOBeHOCHb!X cocy.uos), CJIO)!(Hb!X npol(eCCOB .u11cpcpy11111-

a.ucop6u1111, ropett11ll. 

IIocJie,ntt11e .uecl!T11JJeT11ll Teop1110 cppaKTaJIOB cTaJI11 11cnoJib30BaTb np11 

aHaJI113e Kypca cpOH.UOBbIX 611p)!(, BaJIIOTHbIX 11 TOproBb!X pb!HKOB. LJ:eii.CTBl1-
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TeJihHO, <jlpaKTaJihHOCTh KaK caMOCTOHTeJihHOe nOHHTl1e reoMeTPWleCKOH pa3-

MepHOCTl1 6hIJIO sse.ueHo MaTeMaT11KOM I>. MaH.ueJih6poToM np11MeH11TeJihHO K 

611p)!(eBhIM npoueccaM. <l>paKTaJihl - :no MaTeMaTw1ecK11e, aHTPOnoreHHhJe 

11Jil1 npttpO,UHhle MHO)!(eCTBa (o6beKTbl), KOTOpb1e B mo60M Macwrn6e B O,U11Ha

KOBOH cTeneHtt o6Jia.uamT csoì1cTBOM no.uo6tt», T. e . 3TO CTPYKTYPhI, B KOTOphIX 

qacTtt no.uo6HhI ueJioMy. 

TaK11M o6pa30M, <jlpaKTaJihHOCTh Bhipa)!(aeTcH B HaJI11411tt xapaKTepHhJX 

cTpyKTyp, 06Jia.uamm11x sepxH11M11 tt Hl1)!(HttM11 rpaHttuaMtt (11MefOTCH B BH.UY 

npoCTpaHCTBeHHO-speMeHHhJe rpaHttlihI caMoì1 c11cTeMhl 11 ee CTPYKTYPHO

<jlyHKUHOHaJihHhie oco6eHHOCTH). 

CTapTOBhJe npoueCChJ, .uammtte Ha4aJio )f(113H11 Ha .upesHeìI 3eMJie 11 11H

LlHBtt.UyaJihHOì1 )!(113Hl1 MHOfOKJieT04HOfO opraHH3Ma 11 CBH3aHHhle e <jiopMttpo

BaH11eM .usyx <jJyH,!.laMeHTaJihHhlX aCHMMeTpttì1 (KJieT04HOH - HOHHOH l1 MOJie

KYJIHpHOH - xttpaJihHoì1), paccMOTpeHhI HaM11 B 4 rnase. 
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I'1zaea 4 

IlpoIICXO)f(,ZXeHIIe )f(IIBOH KJieTKII 

II HalJaJia 3BOJIIOU:IIII 

Mundus corpus apte cohaeret (Mviposoi1 
opraHV13M ecTb Hepa3pblBHoe ueAoe). 

MapK TyM11'1 W11uepoH 

IIOL106Ho TOMY KaK KOCM011orm1 113YLJaeT 3B011IOL\110H11py10111yio Bce11eH

HYIO e MOMeHTa bOJlhllJOro B3ph1Ba, 3KOJ10rml KaK HayKa o COBMeCTHOM 3BOJ1IO

L\1111 )1(11BOM 11 He)l<HBOM rrp11pOL\hI rrp113BaHa 113YLJaTh rrpol(eCChl, np11Be):(Ull1e K 

IIOHBJ1eHl1IO )J{113Hl1 Ha L\peBHett 3eMJ1e. Hac 11HTepecyIOT <lJl1311KO-Xl1MH'IeCKl1X 

npol\eCchl B reoccpepe, 06yc11os11Blll11e a611oreHHOe B03Hl1KHOBett11e npo6110H

TOB - npe):(UleCTBeHHl1KOB )l(HBbIX KJleTOK, BCTYIIl1Bllll1X 3aTeM B CTa):\11!0 6110-

11orw-1ecKOtt 3BOJ1lOL\1111. HaM npeL1CTaB11HeTCH oco6o Ba)l(HhIM, 1no 3Tl1 )!(e rrpo

L(ecchI B 611oreoccpepe COBpeMeHHOM 3eMJ111 onpe):(eJlHlOT HBJ1eHl1H, CBH3aHHhle e 

rno6aJ1hHhIMl1 np11pOL\HhlMl1 HBJ1eHl1HM11 11 aHTPOIIOreHHhlMH p11cKaM11. 

l13J10)1(11B HeKOTOphle acrreKThl KJleTO'IHOtt Teop1111, Mhl o6paTl1MCH K HC

XOL(HOtt rrpo611eMe, Kaca10111ettcH MexaH113MOB B03Hl1KHOBeH11H KJleTOK. B ocHosy 

pa3Bl1BaeMoro IIOL(XOL(a IIOJlO)l(eH 0611111tt cp11311'IeCKl1tt np11HL\11II cpopM11poBa

Hl1H 3aKoHoMepttocTeì1. 3B011IOL\1111 Bce11eHHoì1. 11 )1{113H11 Ha 3eM11e 11epe3 11epeL1y 

11 B03Hl1KHOBeHl1tt, 11 HapyllleHl1tt HOBhlX Cl1MMeTp11'IHh!X 11 aCl1MMeTp11'IHhIX 

COCTOHHl1tt CJ10)1(Hh!X Cl1CTeM. 

ABTOpaM11 npe):(JlO)l(eHa 11 o60CHOBhIBaeTCH r11n0Te3a, cornaCHO KOTOpoìi 

cptt11oreHeT11'!eCKl1tt 3aKOH feKKeJlH ( «Ka)l(L(hlH 6tto11or1111eCKl1tt BHL\ IIOBTOpHeT 

CBOIO 3BOJ1lOL(l10HHYIO 11CT0p11l0 B XOL(e OHTOJ10r1111ecKoro pa3BHTl1m>) MO)l(eT 

6hITh pacrrpoCTpaHeH Ha ):(Ba COIIOCTaBHMhle e TO'IKH 3peHl1H 611ocpm11K11 rrpo

L(ecca - Ha npol(ecc B03Hl1KHOBeHl1H ):(11CKpeTHhIX rrpe):(UleCTBeHHl1KOB )l(l1Bh!X 

KJleTOK B L\peBHeM OKeaHe 11 Ha Ha'!aJlhHhJe 3Tarrhl 3M6p11oreHe3a. 060CHOBhl

BaeTCH HOBaH KOHL(eIIL(l1H: CTapTOBhie npol(eCChI, CBH3aHHhJe e cpopM11poBaH11eM 

L\BYX cpyHL(aMeHTaJlhHh!X ac11MMeTp11ìi (K11eTO'IHOH - l10HHOH 11 MOJ1eKy11Hp

HOM - x11pa11hHOtt), CXOL(Hhl l1 HBJlHIOTCH corrpH)l(eHHhIMl1 611cpypKal(l1HMl1, 

L(aIOI1111Ml1 Ha11a110 )1{113H11 Ha L\peBHeH 3eMJ1e 11 11HL\11Bl1L(yaJ1hHOH )1(113Hl1 MHO

rOKJleTO'IHOro opraHH3Ma. 

Pa3BttBaeMhitt aBTopaM11 IIOL\XOL\ HanpaB11eH Ha pa3pellleH11e rrp11HL(11rr11-

a11hHOro rrpOTl1BOpe'IHH Me)l(L(y rrpe):(CTaBJ1eHl1HMl1 o cy111eCTBeHHOM TepM0):\11-

HaMH'IeCKOtt HepaBHOBeCHOCTl1 Bcex )l(l1BhIX KJleTOK 11 06111enp11HHThIMl1 KJlaC-
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CWleCKHMH paBHOBeCHh!MH MO.UeJUIMH HX B03HHKHOBeHHH. ITp11se.neHhl 3KCfle

pHMeHTaJJhHhle H TeopeTHlJeCKHe CBH.UeTeJJhCTBa B f10Jlh3Y Toro, lJTO HCXO.UHa5! 

y.naJJeHHOCTh rrpe.nweCTBeHHHKOB )!(HBhIX KJJeTOK OT COCT05!HH5! TepMo.nirnaMH

lJeCKOfO paBHOBeCHJI Herrocpe.ncTBeHHO CBH3aHa CO CflOHTaHHh!M B03HHKHOBe

HHeM B HepaBHOBeCHOM TOHKOM nosepXHOCTHOM CJJOe MOpCKOH BO.Uhi .nsyx co

rrp5!)!(eHHh!X cpytt.naMeHTaJJhHh!X 6HOJJOfHlJeCKHX aCHMMeTp11ìi: KJJeTOlJHOH -

l10HHOH l1 MOJieKy1rnpHOH - x11paJihHOH. 

HoHHa5! ac11MMeTpH5! npe.norrpe.nemrna crroco6HOCTh .n11cKpeTHhIX npo

TOKJieToK K pear11poBaHl1IO Ha BHelUHHe B03Myll(emrn KaK Heo6XO.Ul1MOe yc110-

BHe HX BKJJIOlJeHHJI B 611011orw1ecKy10 3BOJllOUHIO, x11paJihHa5! - 0.UH03HalJHYIO 

MOJieKyJIHPHYIO CTepeocneu11cjJHlJHOCTh yrnepO.UHh!X coe.n11HeHHH B rrpoueccax 

611oc11HTe3a 11 MeTa6011113Ma. B OTHoweHHH aMHHOKHCJIOT x11pa11httaH ac11MMeT

p1151 MO)!(eT 6hITh pacnpocTpaHeHa TaK)!(e Ha y4acT11e 11x D-H30Mepos s pery11J1-

u1111 Ba)!(HeHWHX CTa.UHH OHTOfeHe3a, TOf.Ua KaK paHee OHa Jie)!(aJia B OCHOBaHHH 

(' JIHIIIh npHHUHfla <<XHpaJJhHOH lJHCTOThl 611occjleph1», B paMKax KOTOporo pac

CMaTpHBaJIOCh JIHWh BKJI10lJett11e L-H30Mepos aMHHOKHCJIOT s p116ocoMaJihHhIH 

CHHTe3 6eJIKOB. 

3ttaHTHOMephl 6110JIOfHlJeCKH 3HalJHMhIX x11paJihHhIX coe.n1rneHHH MOfYT 

He TOJihKO 6hITh KJIIOlJeBhJMH B KOMnJieMeHTapHhlX B3al1MO.UeHCTBHHX, HO 11 

c11y)!(HTh 11ornlJecK11M 311eMeHTOM - nepeKJIIOlJaTeJieM 11HcpopMa111111. ITp11lJeM 

He TOJ!hKO Ha ypOBHe npOCTOfO KO.UHpOBaHHH «.na»l«HeT», HO H Ha ypOBHe ne

peKO.UHposaHHH «OCMhICJieHHOfO» Cl1fHaJia. 

4 .1. )l{1rna5I KJieTKa 

Kill04 K peweHHIO At06oi1 6HO/\OrH4eCKOH npo-

6AeMbl, B KOHe4HOM C4eTe, CAeeyer HCKBTb B KAeTKe . 

.L\!K. Y1111COH 

HaM H3BeCTHhI TOJihKO òucKpemHbte cpopMhI )!(H3Hl1 - O.UHOKJieTo<JHhie 11 

MHOfOKJJeTOlJHhie opraHH3MhJ. ITp11cyll(aH KJJeTKaM sap11a6e11hHOCTh c11y)!(11T 

OCHQBOH 611011ornlJeCKOH 3BOJllOUl111 - KOHKypeHuHH, rrp11 cnoco611J1eMOCTl1 B 

H3MeH51JOil(HXCH ycJIOBHJIX cpe.Ubl. f11noTeTHlJeCKHe pacnpeòeneHHble cpopMhl 

)!(113HJ1 rrpe.ncTaBJI5llOTC5! e TOlJKl1 3peHH5! Tpe6oBaHl1H 3BOJllOUl10HH0f0 pa3BH

THH Ma11osepoHTHhIMH. ITepsottalJaJI&HO MhI paccMoTpHM 06ll.(11e npe.ncTas11e

HHJ1 o KJleTKax KaK OCHOBe cyll(eCTBYIOil(HX cjlopM )!(J13HH, a B c11e.ny10Il(eM pa3-

.ne11e - B03M0)!(Hh!e nyTH HX B03HHKHOBeHH5! Ha HalJaJihHhlX CTa.UHHX cp113HKO

XHMJ1lJeCKOH l1 611011ornlJeCKOH 3BOJllOUHl1. 

KJ1emKa - 3JieMeHTapHa5! )!(HBaH CHCTeMa, OCHOBa CTpOeHHJI H )!(113He.Ue5!

TeJibHOCTH scex )!(HBOTHhIX 11 pacTeHHH. HayKa o KJieTKe Ha3hIBaeTc5! u11To110-

rnei1. K11eTKH cyll(eCTBYJOT KaK caMoCTOHTeJihHhie opraHH3MhI (npocTeì1II111e, 

6aKTep1111) 111111 B COCTaBe MHOfOKJieTOlJHh!X opraHJ13MOB, y KOTOpb!X HMelOTCH 

flOJIOBhie KJieTKH, CJiy)!(aI.l.IHe .UJJ5! pa3MHO)!(eHH5!, H KJJeTKH TeJia ( COMaTHlJe-
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CKHe). 3TH KJieTKH pa3Jil1qHbl no CTpoeHl1IO 11 cneu11an113au1111 (HepBHbie, KO

CTHble, MbJrueqHble, ceKpeTOpHbie). 

B cTpoeH1111 11 cpyHKU11HX scex KneTOK 06Hap)')K11BaIOTCH 06m11e np113Ha

Kl1 , qTo OTpa)f(aeT en11HCTBO 11X np011CX0)f(.lleHl1H 113 nepa11qHblX opraH11qecKHX 

KOMnJieKCOB. qaCTHbJe oco6eHHOCTl1 pa3Jil1qHblX KJieTOK - pe3yJihT3T 11X cne

u11an113au1111 B npouecce ::ison10u1111. TaK, ace 0H11 cxontto peryn11py10T o6MeH 

semecTs, ynsa11sa10T 11 11cnonh3YIOT csoì1 Hacnen cTseHHhIH MaTep11an, nony

qa10T 11 TpattccpopM11py10T 3 Hepr1110 . B TO )f(e speMH p a3Hhie O.llHOKneToqHhie 

opraHH3Mbl (aMe6b1, 11ttcpy3op1111 11 T . ./l.) Cl1JlbHO pa3n11qaJOTC5I pa3MepaMl1, 

cpopMoì1, noseneH11eM. He MeHee 0TqeTn11so pa3JI11qa10TCH KJJeTKH MHoroK11e

TOqHbIX opraHH3MOB. TaK, y MJieKon11Ta10m11x HMeIOTC51 He60JibWl1e OKpyrJJhie 

J111Mcp0U11Tbl (n 11aMeTPOM OKOJJO 1 o MKM), yqaCTBYIOLU11e B 11MMYHOJ!Ofl1qecKHX 

peaKUHHX, 11 HepBHbie KneTKl1, HMeIOLU11e neH.llPl1Tbl .llJ111HOH 6011ee MeTpa. 

Pa3Mephl KJieTKH saph11py10T B npenena x OT 0,1 - 0,25 MKM (HeKOTOpble 6aKTe

p1111) .llO 155 MM (51HUO CTPayca B CKopnyne). B KJleTKax BbI.lleJJHIOT .llBe OCHOB

Hble qacT11 : H.llPO 11 U11TOilJ1a3My, B KOTopoì1 HaXO.llHTC51 opraHeJIJibl 11 U11TOnJJa3-

MaT11qecK11e Ha.llMOJJeKynHpHbie CTPYKTYPhI. 

AHrn11ì1cK11ì1 yqeHhIH Po6epT fyK, 113secrnh1ì1 11ccnenosaH11HM11 a 0611ac

T11 ynpyrocT11 Ten, nhITaHch TIOH51Th, noqeMy npo6Kosoe n epeso TaK xopowo 

nnasaeT, B 1663 r. CTaJI paccMaTp11BaTb TOHKHe cpe3bl npo6KH e nOMOIUhIO 

ycosepweHCTBOBaHHOro HM MHKpocKona. OH 06Hap)')K11n, 'ITO npo6Ka pa3ne11e

Ha Ha MHO)f(eCTBO KpOweqHblX 51qeeK, HanOMH11BW11X eMy MOHaCTblpCKl1e KeJJbH, 

11 OH Ha3Ban 3Tl1 51qeì1K11 KneTKaM11 (celi - «KeJJh51, J1qeì1Ka, KneTKa»). B 1674 r. 
ronnaH.llCKHtt MacTep AHTOHHtt saH JleseHryK e noMOLUhIO M11KpocKona snep

Bhie ys11nen B Kanne BO.llbl <<3sepbKOB» - .llBl1)f(YLUHeC51 )f(l1BbJe opraHl13Mbl. 

K cepen11He XIX B., nocne Toro KaK n0Hs111111ch 6011ee MOIUHbie MHKpocKonhI 11 

6b11111 pa3pa6oTaHhI MeTO.llhI cp11Kcau1111 11 np0Kpaw11satt11H KneToK, ccpopM11po

aanach KJJeTO'!HaH TeOpHH. 

ITo THny KJieTOK 3eMHbJe opraHH3Mbl MO)f(HO pa3ne1111Tb Ha .llBe OCHOBHbJe 

rpynnhI - npoKap110TOB 11 ::iyKapHOTOB. !JpoKapuombl (11n11 ÒORÒepHble) -
0.llHOKneTO'IHbie opraHH3Mbl, He 06nana10m11e, B OTJI11t.fl1e OT ::iyKap110TOB, 

ocpopMJieHHb!M KJieTOqHb!M 51./lpOM 11 .llPYfl1M11 BHyTpeHH11Ml1 MeM6paHHb!Ml1 

opraHeJJJiaMH. feHeTH'IeCKHH MaTep11an np0Kap110TOB npe.llCTaBJieH e.lll1HCT

BeHHOM KOJlhUeBOH MOJieKynoì1 ,UHK. 

3yKapuombl ( OT rpeq. eu - xopolllo, nonHOCTbIO 11 karyon - H.llPO) -

opraHH3MbI, 06nana10m11e o6oco6neHHhJM KJJeTO'IHbIM 51.llpOM , 0TrpaH11qeHHhJM 

OT UHTOnJia3Mbl H.llepHOH o60JIO'IKOH. ,UHK ::iyKapHOTOB 11MeeT Jil1Heì1HyIO 

cpopMy 11 CBH3aHa e oco6b!Ml1 6enKaMH - fHCTOHaMH, 11rpaIOlUl1Ml1 Ba)f(HyIO 

po11b B KOMnaKT113au1111 HyK11e11Hosoì1 Kl1CJIOTbI. KoMnneKc ,UHK 11 6e11KOB HO

c11T tta3Batt11e xpoMOCOMhI. B 51.llpe - cTpyKType ::i yKap110T11qecKoì1 KJ!eTKH, 

cneu11an11311py10meì1cH Ha xpatteH1111 11 nepena'le noTOMKaM HacnencrneHHOH 

11HcpopMau1111, - ttaxon11TC5I HecKOJihKO xpoMocoM. KpoMe Toro, y 3YKap110ToB 

cymecTByeT TaK Ha3hIBaeMa51 HexpOMOCOMHa51 HaCJie.llCTBeHHOCTb, CBH3aHHaH e 
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TeM, 'ff0 HeKOTOpoe KOJil14eCTBO )J,HK CO.!lep)!(11TC51 B ITOJiyaBTOHOMHblX crpyK

Typax U11TOITJia3Mbl - Ml1TOXOH.Upm1x 11 11JiaCT11.UaX. 

Il05!BJieH11e 3yKap110Tl14eCKOtt KJieTKl1 MO)!(HO C411TaTb BTOpb!M 110 3Ha4e

Hl1IO, rrocJie 3apo)!(JleH11H )J{113H11, co6hIT11eM s 6110Jior114ecKoì1 3BOJIIOUl111. K 411c

ny 11p51Mb!X cs11.ueTeJ1bCTB 3TOro Ba)!(Heì1wero apOMOpcpo3a MO)!(HO OTHeCTl1 

o6Hap~eHHbie B OTJIO)!(eHmlX B03paCTOM 2,7 MJIP.ll neT crreu11cp11YeCKl1e .llJIH 

3yKap110T 6110MapKepbl - OCTaTK11 CTep011.UHbIX coe,ll11HeH11ì1, BCTpe4alOl.l..(11XC51 

TOJibKO s MeM6paHax ::JyKap110T11YecK11x KneToK [I]. 06oco6neH11e KJieT04HOro 

si.upa OT Ul1TOITJ1a3Mbl MO)!(HO paccMaTp11saTb KaK 11pOHBJ1eH11e Kap.u11HaJ1bHOro 

3son10u110HHoro rrepexo,lla. 3To pa3.LieneH11e «o6ycJiosneHo, rrpe)!(,lle acero, 

TeM, 4TO 3a.Ua411 xpaHeHl151 Hacne,llCTBeHHOtt 11HcpOpMau1111 11 cpyHKUl10H11pOBa

Hl151 rrpe,llb51BJ15llOT K csoeì1 MaTep11anbHOtt OCHOBe rrpOTl1BOl10J10)!(HbJe Tpe6o

saHl151 ... )J,nH rroMep)!(aH115! cOMbI Heo6xo.u11Ma .u11HaM11Ka, a .LIJIH coxpaHeHl151 

repMbl e ee Hacne,llCTBeHHOtt 11HcpOpMau11eì1 - ITOKOtt. KOMI1pOM11CC Me)!(,lly 

3T11Ml1 rrpOTl1BOl10J10)!(HbJM11 Tpe6osaHl151Ml1 .UOCT11raeTC5! rryTeM rrpocTpaHCT

BeHHOro pa3.LieneH115! COMbI 11 repMbJ BHyrp11 opraHl13Ma>> [2). 
CyI.UeCTBeHHOe OTJ111411e 3yKap110TOB OT rrp0Kap110TOB COCTOl1T B 6onee 

cosepweHHOtt Cl1CTeMe perynHU1111 reHOMa, ITOCKOJibKY 51,llpO 51BJ151eTCH He TOJibKO 

MeCTOM xpaHeH1151, HO 11 o6naCTblO C411TbIBaHl151 11 perrn11Kau1111 )J,HK, a TaK)!(e 

aKTl1BHOtt perynHU1111 TpaHCKp1111u1111 11 110CTTpaHCKp1111Ul10HHblX MO.lll1cp11Ka

u11ì1 PHK. Ilp11 He3Ha411TenbHblX 113MeHeH11Hx reHOMa O.UHOKneTOYHble 3yKa

p110TbI OK33aJ111Cb crroco6Hb!Ml1 o6pa30BbIBaTb MOpcponor11YeCKl1 11 cpyHKU110-

HaJ1bHO p33J1114Hble KJ1eTKl1, ccpopM11posasw11e CJ10)!(HbJe )!(113HeHHbJe Ul1KJ1bl, 

11onosoe pa3MHO)!(eH11e, MHoroKneTOYHOCTb. Bo3Hl1KHOBeH11e rronosoro npo

uecca rrp1-rneno K ueJioMy KOMnneKcy secbMa sa)!(HbIX nocne.LICTs11ì1: 11051sneH1110 

penpO.LIYKTl1BHOtt 1130J151Ul111, 3H,llOraMHb!X 6110JTor11YeCKl1X 811.!lOB 11 rronyn51-

u11ì1, ,lll1- 11 110J11111JI011.llHOCTl1 11 peKOM611Hau110HHOtt 113MeH4HBOCTl1. 3aMeTHM, 

4TO MHOr11e 113 rrepe411CJ1eHHbIX npe11MymecTB 3 yKap110T MOrJIH rrpOHBl1TbC51 Ha 

ITOCJie.uy10m11x 3Tanax 3BOJIIOU1111 [3). 
06oco6neH11e KJieTOYHOro H.!lpa cnoco6cTsosaJTo pa3s11T1110 6onee co

sepweHHOtt c11cTeMhI 3am11TbI 11 penapau1111 )J,HK (xorn HaYaTbCH 3TOT rrpouecc 

MOr . ell..(e y apxeo6aKTep11ì1, 0611Tasw11x B 3KCTpeMaJ1bHbIX ycnOBl1HX), 4TO 

rrp11seno K pe3KOMy CHl1)!(eHl1IO 'JaCTOTbl MyT11pOBaHl151 y 3yKap110T 110 cpasHe

Hl1IO e rrpoKap110TaM11. 3To MOrJIO 6bJTb Ba)!(HbIM rrpe11MymecTBOM B ycnOBl1HX 

6eCKl1CJIOpO.LIHOtt aTMoccpepbl apxeH 11 11pOTep030H, Kor.ua 113-3a OTCyTCTBHH 

030HOBOro CJ1051 )!(eCTKOe ynbTpacp11oneTOBOe 113nyqeH11e B nosepxHOCTHblX 

CJ1051X BO.Uhi MOrJIO np11BO,lll1Tb K H36hJT04HOMY MyrareHe3y. 3cpcpeKTl1BHbltt 

MexaHtt3M penapau1111 Mor 3Ha4HTenbHO pacw11p11Tb noTeHu11anbHYIO a,llan

Tl1BHYIO 30HY nepBbJX '.lyKap110T, C.!lenas B03MO)!(Hb!M ,llJI51 Hl1X 0611TaH11e B 

Cl1JlbHO ocsemeHHblX CJ1051X BO,llbl. 

8 rrocJie.LIHee speMH sce 6onhwee pacrrpocTpaHeH11e noJiyYaeT c11M6110T11-

4ecKa5! Teop115! o6pa3oBaHJ151 '.lyKap110T, 060CHOBbIBa10masi, 'JTO MI1TOXOH.Up1111 

np011CXO,ll51T OT Cl1M6110Tl14eCKl1X a3p06Hb!X 3y6aKTep11ì1 (anbcpa-rrpoTeo6aK-
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Tep1-1tt), a rrnaCTH.Ilhl - OT CHM6HOTHqeCKHX cpOTOCHHTe3HpyIOI.UHX 3y6aKTepHtt 

(1matto6aKTep1-1tt) [4). OcrneTcH tteHCHhIM sonpoc ornoc1-1TeJihHO np1-1po.uh1 KJieTKH

X03HHHa, npoHCXOìK,lleHHH UHTOTIJia3Mhl H H.apa. bOJihllIHHCTBO CTieUHaJIHCTOB 

CKJIOHHeTCH K TOMy, qTQ KJieTKa-X03HHH npOH30UIJia OT apxeo6aKTep11tt [5, 6), o qeM 

cs1-1.ueTeJihCTByeT 6oJihUioe cxo.ucTso B CTPYKTYPe rettoMa (s qaCTHOCTH, ero 3K30H

HHTPOHHaH opraHH3aUHH) y apxeo6aKTep11tt H 3yKapHOT, CXO.IlCTBO MexaHl13MOB 

penn11Kau1-11-1, penapau1-11-1, TPaHcKp11nu1111 H TPaHcJIHu1111 1-1 T . .Il- [7]. 
flp11 o6pa30BaHl111 Cl1M6HOTl1qecKoro opraHl13Ma ccpopM11pOBaJICH apxeo6aK

TepHaJihH0-3y6aKTepHaJihHh!H (XHMepHbIH) reHOM, B KOTOpOM MHOrHe MeTa60JIH

THqecK11e Cl1CTeMhl OKa3aJIHCh npo.uy6JmposaHHhIMH [8], a 1136hITOlJHhie 3JieMeH

Thl a xo.ue 3BOJIIOUHH pe.uyu1-1posaJIHCh mm MeHHJIH cpyttKUl1IO [9]. TaK, 113 .usyx 

MexaHH3MOB cpopMHpOBaHHH MeM6paH (y apxeo6aKTep11tt OCHOBY MeM6paH co

CTaBJIHJIH 3cpHphI H3011peHOH.IlOB, y 3y6aKTep1-1tt - 3cpHpbl )!(HpHh!X K11CJIOT) co

cXpaHl1JICH TOJihKO O.IlHH - 3y6aKTepHaJihHhitt . Cornactto o.attott H3 rm10Te3, 06pa-

3osatt11e H.UepHOH MeM6paHbI MOrJIO CTaTh no604Hh!M pe3yJihTaTOM 3KCnpecCHl1 

3y6aKTepHaJihHh!X reHOB, OTBeTCTBeHHh!X 3a Cl1HTe3 KOMIIOHeHTOB MeM6paH, B 

apxeo6aKTep11aJibHOM reHeTH'leCKOM OKp~eHl1H [9). 0.attaKO CYUieCTBYfOT H .upy

rHe rnnoTe3hI, o.atta H3 KOTOphrx npe.unonaraeT cpopM11posatt11e KJieTOqHoro H.Upa 

y apxeo6aKTep1-1tt a pe3yIIhTaTe s1-1pycttott 1-1ttcpeKu1-111 [ l O). 
0TCYTCTBl1e y npoKapHOT HBHh!X attanoros npHCyIUero 3yKap110T1-1qeCKOH 

KJieTKH UHTOCKeJieTa, COCTOHIUero 1-13 M11Kp0Tpy6olJeK (MHTOTHlJeCKOro sepeTe

Ha, )!(ryTHKOB H .up.), 11 CBH3aHHOH e HHM cnoco6HOCTH K cparouHT03y CTaBHT 

MHOro Bonpocos. CyIUeCTBYIOIUHe npe.ucrnsneHHH o npo1-1cxo)!(.aett1111 M11Kpo

Tpy64aThrx u11TOcKeneTHhIX CTPYKTYP (s KOMnJieKce e H.Uepttott MeM6pattott) 

CBH3h!BaIOT 3TOT npouecc e CHM6H030M apxeo6aKTep11tt 11 110.IlBH)!(Hh!X 3y6aK

TepHH [11]. 11MeIOTCH 11 .upyrne r11110Te3hl, Hanp11Mep o cyIUeCTBOBaHl111 B 

npOUIJIOM «XpOHOU11TOB» - oco6ott rpynnhI npoKap110T, He OTHOCHBUIHXCH HH 

K 6aKTep11HM, HH K apxeHM, o6na.uaBUIHX UHTOCKeJieTOM 11 cnoco6HblX K cparo

UHT03y ( OHl1 3aXBaTb!BaJil1 KJieTKl1 6aKTepHtt H apxees 11 TeM caMh!M .uan11 Ha

lJaJIO 3yKapHOTaM) [12). 
K q1-1cny oqes11ntthIX npe11MyIUeCTB 3yKap1-10T1-1qecKott KIIeTKH KaK npo

.IlYKTa 3H.Il0Cl1M6H03a CJie.uyeT OTHeCTH B rrepByIO oqepe.ah e.a1-1HyIO, ueHTpaIIH-

30BaHHYJO peryIIHUHIO reHOMOB scex CHM6HOHTOB. <DaKT11qeCKH, 3YKapHOT11qe

CKaH KJieTKa - KOMilaKTHOe coo6IUeCTBO e ueHTpaIIl130BaHHOH peryJIHUHett 

o6be.UHHHBUIHXCH MeTa6on1-1qecKHX CHCTeM. Mo)!(HO rosopHTh o pa3BHTHH y 

3yKap110T 6onee COBepUieHHOH CHCTeMhl IIO.Il.Ilep)!(aHHH CTa6HJihHOCTH H pena

paUHH .JJ:HK, CJie.UCTBHeM qero 6bIJIO CHl1)!(eHHe 1136hITOqHoH qacTOThl MyTa

UHH. flo BCett sepOHTHOCTl1, rrepBb!e 3cpcpeKTl1BHbie Cl1CTeMhl 3aIUHThl H pena

pau1-11-1 .JJ:HK pa3BHJIHCh y apxeo6aKTepHtt, o6HTaBUIHX B 3KCTpeMaJihHhIX ycno

Bl1HX [ 13). flepexo.u K BHYTPHKJieTOlJHOMY CHM6H03y .uan B03M0)!(H0CTh 

3y6aKTepHHM (6y.uyIU11M IIJiaCTH.UaM li MHTOXOH.IlPHHM) rrepeBeCTH CBOH reHo

Mhl «IIO.Il 3aIU11TY» perrapau110HHhIX CHCTeM apxeo6aKTep11aJihHOH KJieTKH

X03Hl1Ha, qTo, B03MO)!(HO, CTHMYJIHposano 6hICTphIH nepexo.u 6oJihWHHCTBa 

Ml1TOXOH.IlpHaJihHh!X 11 TIJiaCTH.IlHh!X reHOB B H.IlpO. 



262 fnasa 4. npoHCXO>K,Q8HH8 >IG1BOl'.1 KI18TIG1 H HaYana 3BOillOL\HH 

B op,z:urnapHbIX KJieTKax ::iyKapHOT HMeeTCH Cl1CTeMa BHyrpeHHl1X MeM6paH, 

o6pa3yIOlUl1X, IIOMHMO si.upa, psi.a .upyrnx BHyrpmmeTOl.JHb!X opraHeJIJI (3H.UO

IIJia3MaTl1'!eCKaH CeTb, arrrrapaT foJib.l()f(H, MHTOXOH.UpHH, a y so.uopocJieH H pac

TeHl1H TaK)f(e 11 XJIOpOrrJiaCThl, co.uep)f(31UHe XJIOpocp11JIJI, H .up.) (pHc. 4.1 ). 
Hap~HaH, HJIH IIJI33M3THl.JeCK3H, KJieTOl.JHaH MeM6paHa HMeeT TOJllUHHY 

OKOJIO lo HM. 06pa3oBaHa OHa Jil1IIH.UHh!M 6HCJIOeM, BKJIIOl.J3IOlUHM TpaHC

rropTHhie 6eJIKH (crreu11cp11qecK11e KaHaJihI 11 Hacocb1), 6eJIK11-peuerrTopb1, rro

sepxHocTHbie aHT11reHhI, CTPYKTypHbie 6eJIKl1. MeM6paHa o6ecrrel.JHBaeT B 

rrepsyro O'lepe.uh pa3rpaHl1l.JHTeJibHYIO cpyHKUHIO rro OTHOll!eHl1IO K BHell!HeH 

.UJIH KJieTKH cpene. Cttapy)f(H K MeM6patte rrpttKperrJieH rroJI11caxap11JJ:HbIH rn11-

KOKaJI11Kc, Yl.!3CTBYI01UHH B rrpoueccax peuerru11H, 113HYTPH - IIJI33MaJieMMa H 

pacrroJIO)!(eHHb!H rron HeH KOpTHK3JlbHbIH CJIOH UHTOIIJI33Mbl, BbIIIOJIHHIOlUHH 

COKpaT11TeJibHbie cpyHKUHH . B KOpTHK3JlbHOM CJIOe UHTOIIJI33Mbl H3XOJ{HTCH 

e crreu11cp11qecKHe 3JieMeHThI UHTOCKeJieTa - y rropsi.uol.JeHHhie orrpeneJieHHbIM 

o6pa30M aKTHHOBhie MHKpocpHJiaMeHTbI. OcHOBHhIMH H caMhIMH sa)f(HhIMH 

ciJYHKU11HMH KOpTHK3JlbHOro CJIOH (KOpTeKca) HBJIHIOTCH BhI6pacbIB3HHe, rrp11-

KpeIIJieH11e 11 COKpameHHe BblpOCTOB-rrcesnorro.u11ii. flpH 3TOM MHKpOcpHJia

MeHTbl rrepecTpa11sa10TCH, YJJ:JIHHHIOTCH HJIH yKopaq11sa10TCH . 

)1(11.uKylO COCTaBJIHIOlUYIO UHTOIIJI33Mbl T3K)f(e H33bIB3IOT Ul1T030JieM. flon 

CBeTOBb!M MHKpOCKOIIOM rrpen cTaBJIHeTCH, l.JTO KJieTKa 33IIOJIHeHa l.JeM-TO spo.ue 

)1(11.l(KOH IIJI33Mhl HJil1 30JIH, B KOTOpOM «IIJI3B3IOT» sinpo H npyrtte opraHOHJlhl. 

Pite. 4.1 . CrpoeHHe 3yKap11on1YecKol'.1 KneTKH . L111cj:lpaM11 OTMeYeHbl cy6KneTOYHb1e 

KOMnoHeHTbl )l(HBOTHOVI KneTKH: 1 - HAPblWKO, 2 - KneTOYHoe HAPO, 3 - pi116ocoMa, 

4 - se3fl1Kyna, 5 - wepoxosarb1VI 3HAonna3MarnYeCKfl1Vi pernKynyM, 6 - annapar 

fOilbA)l(fl1, 7 - LjHTOCK8Il8T, 8 - maAKHVl 3HAOIIIl83M8TH48CKHVl pernKynyM , 9 -
Mfl1TOXOHAPfl1H, 10 - BaKyOilb, 11 - L\HTOIII183Ma, 12 - Ilfl130COMa, 13- L18HTpHOilb 
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B ,llettcTB11TeJihHOCT11 BHyTpeHHee npocTpaHCTBO 3yKap110Tttt1ecKoì1 KJieTKl1 

CTporo ynop51,llO'leHO. ITepe,llBl1)!(eH11e opraHeJIJI KOOp,ll11H11pyeTC51 np11 TIOMO!Ul1 

cneu11an11111poBaHHbIX TpaHcnopTHhIX Cl1CTeM - M11Kp0Tpy6o'leK, CJiy)!(am11x 

BHYTPl1KJieTO'IHhIMl1 TpaccaM11 11 BKJI10'la10m11x coKpaT11TeJihHb1e 6enK11, KOTO

pb1e BhlTIOJIH5llOT pOJih «,[{B11raTeJiett». 0T):leJibHble 6eJIKOBble MOJieKyJihl TaK)!(e 

He tlmp<jJyHtll1PYJOT cso6o):{HO no sceMy BHYTPl1KJieTO'IHOMY npocTpaHcrny, a 

HanpaBJI51iOTC51 B He06X0,[{11Mbie OTCeKl1-KOMnapTMeHThl np11 TIOMO!Ul1 cneu11-

aJihHhIX c11rHaJibHbIX ycTpOHCTB Ha 11X nosepxHOCTl1, pacn03HaBaeMhlX TpaHC

nopTHhIMl1 Cl1CTeMaM11 KJieTKl1. 

3HÒOnJla3Mamu"4eCKUÙ pemwryllyM, 11Jil1 3H,[{OTIJia3MaTl1'leCKa51 ceTh, BKJIIO

'!aeT rnepOXOBhIH peTl1KYJIYM, K MeM6paHaM KOTOporo np11KpenJieHbl pu60C0Mbl 

(B Hl1X np011CXO,lll1T Cl1HTe3 6eJIKOB), 11 rna,[{Kl1H peT11KynyM, np11Hl1MalOIU11H 

Y'JaCTl1e B Cl1HTe3e Jil1Til1,[{0B. 

e Annapam I'ollbÒJH:u npetlCTas;rneT co6oì1 CTonKy nnocK11x MeM6paHHhJX 

u11cTeptt, tteCKOJihKO pacrn11peHHhIX 6m1)!(e K Kpal!M. B u11cTepttax annapaTa 

fOJib,[{)!(11 C03peBalOT HeKOTOpbie 6eJIKl1, Cl1HTe311posaHHhle Ha MeM6paHax rne

poxoBaToro 3H,llonna1MaT11'leCKoro peT11KynyMa 11 npe,lltta1tta'!eHHb1e ,[{JI51 ceK

peu1111 11Jil1 o6pa30BaHl1ll Jil130COM. 

KJzem0"4HOe RÒpo CO,llep)!(11T MOJieKyJihl )].HK, Ha KOTOpbIX 3an11catta rette

Tl1'leCKa51 11HcpopMaUl15! opraH113Ma. B 51,llpe npo11cxo,[{11T penn11Kau11ll - ytl

soett11e MOJieKyn )].HK, a TaK)!(e TpattcKp11nu1151 - c11ttTe1 MoneKyn PHK Ha 

MaTp11ue )].HK. C6opKa p116ocoM TaK)!(e npo11cxo,ll11T B 51,llpe, B cneu11aJihHhTX 

o6pa3oBaHl151X, Ha3bJBaeMbIX 51,llpbllUKaMl1. 

Pu6ocoMbl - tteMeM6paHHhie opratteJIJihI, B KOTOphIX npo11cxo,ll11T c11ttTe3 

6enKa B KJieTKe, o6ttap~eHhI B KJieTKax scex 6e1 11cKJI10'leHl15! )!(11BhIX opratt111-

MOB, 11 Ka)!(,[{a51 KJieTKa co,llep)!(11T ThJC51'll1 11n11 ,lleC51TK11 ThIC51'l p116ocoM. Do x11M11-

'!eCKOH np11po,lle p116ocOMhI OTHOC51TC51 K HYKJieonpoTe11,[{aM, coCT051IU11M m PHK 

11 6enKa, B cooTBeTCTB1111 e 'leM pa3nH'laIOT ,[{Ba rnaBHhlX KJiacca p116ocoM [ 14] : 

• 70 SP - co,llep)!(aT 60-65 % PHK 11 40-35 % 6enKa 11 xapaKTepttbI ,[{JI51 

KJieTOK, He 11Me!OIU11X ocpopMJieHHOro 51,llpa, - np0Kap110TOB (6aKTep11ì1, 

aKT11HoM11ueTOB 11 c11He1eneHh1x BOtlopocneì1), a TaK)!(e ,[{JI51 xnoponnacToB 

11 Ml1TOXOH,llp11tt BbIClUl1X opraHl13MOB; 

• 80 S - 6onee KpynHhie, o6ttap~eHHhie B u11rnnna3Me scex 3yKap110TOB -

opraHl13MOB e ocpopMJieHHblM KJieTO'lHb!M JI,llpOM, - CO,llep)!(aT OKOJIO 

50 % PHK 11 50 % 6enKa. 

Ytt11sepcanhHhitt np11ttu11n crpyrrypHott opratt111au1111 p116ocoMhI - ee no

c-rpoett11e 113 tlByx HepaBHb!X cyfue,[{11H11U, Ha KOTOpbie OHa MO)!(eT o6paTl1MO ,[{HC

cou1111poBaTh (Hanp11Mep, npH TIOHH)!(eHl111 KOHQett-rpau1111 110HOB Mg2
+ B cpe,lle). 

B npouecce c11ttre1a 6enKa p116ocOMhI ocymecTBJI5llOT ttecKOJihKO cpyttKu11ì1: 

• cneu11cp11'!eCKOe CB513b1Batt11e 11 y,llep)!(aH11e KOMCTOHeHTOB 6eJIOKCl1HTe311-

py10meì1 Cl1CTeMbl BKJTIO'laeT 11HcpOpMaurroHHYJO HJIH MaTpH'IHYIO tPYHK

U11IO PHK (11PHK) 11 6enKOBbie cpaKTophI TpaHCJT51U1111 EF - T 11 EF - G; 
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• KaTan11nrqecK11e clJyttKU1111 (06pmo0aH11e nenTl1./lHOH CB513H, rn.npoJil13 fT<D); 

• clJyttKU11H MexaH11qecKoro nepeMemeH115I cy6cTPaTOB (11PHK, TPHK), 11ntt 

TPaHcnoKau1111. 

l{umocKenem BKJIJ04aeT 6enKOs1>1e cp116p11JIJI5lpH1>1e CTPYKTyphl, pacnOJIO)!(eH

Hhie B U11TOTIJia.3Me KJieTKH: Mmq>OTPy604K11, aKTl1HOBbJe H npoMe)!(YT04HbJe cp11-

JiaMeHThl. M11KpoTPy604Kl1 npttHHMaJOT yqacn1e s TPaHcnopTe opraHeJIJI 11 BXOJ(5!T 

B COCTaB )!(J)Tl1KOB. J;b M11KpOTPy6o4eK CTPOl1TC51 Ml1T0TttqeCKOe sepeTeHO .nene

Hl151, cpopMHPYJOllleec51 J(Jl5I paCTaCKl1BaHH51 xpOMOCOM npH Ml1T03e - .neneHHl1 

KJieTOK. AKTl1HOBhie cp11naMeHThl Heo6XO./ll1Mhl J(Jl51 noMep)!(aHH51 cpopMbJ KJieTK11, 

nces.nonoL111an1>H1>1x peaKU11ì1. Ponh npoMe)!(YT04HhlX clJHnaMeHTOB, no-011,[IHMOMy, 

TaK)!(e 3aKJIJ04aeTC51 B TIOMep)!(aHl111 CTPYKTYPhl KJieTKH. oeJIKl1 UHTOCKeJieTa co

CTaBIDIIOT HeCKOJlhKO .nec51TKOB npoueHTOB OT Macchi KJieT04HOro 6eJIKa. 

l{eHmpuo;w npe.ncTasm110T co6oi! u11n11H.np114ecK11e 6eJIKOB1>1e cTpyKTy

p1>1, pacnoJIO)!(eHHhie s6Jil1311 51.llpa KJieTOK )!(11BOTHhlX (y pacTeHl1H ueHTp110Jiei! 

HeT). l..l,eHTp110Jlh npe):ICTaBJI51eT co6oil Ul1Jll1HL1p, 6oKOBa51 nosepxHOCTh KOTO

poro o6pmosaHa .neB51ThJO Ha6opaM11 MHKpoTpy6oqeK. Kon11qecrno MHKPOTPY-

6oqeK B Ha6ope MO)!(eT KOJie6aThc51 J(JI51 pa3H1>1x opraHl13MOB OT I .no 3. BoKPYT 

ueHTpHOJiett HaXOJ(HTC51 TaK Ha3hJBaeMblH ueHTp opraHH3au1111 UHTOCKeJieTa -

o6naCTh, B KOTOpoil rpynn11py10TC5I KOHUhl M11KpOTpy6oqeK. 

flepe.n .neneH11eM KJieTKa 11MeeT ):IBe ueHTp110JIH, pacnoJIO)!(eHHhle no.n 

np5!MhJM YTJIOM LIPYT K .npyry. B xo.ne Ml1T03a 0H11 pacXO./l51TC51 K pa3HhIM KOH

uaM KJieTK11, cpopM11py51 nomoca sepeTeHa .neneH115I. flocne UHTOKl1He3a (pa3-

.neneHl151 KJieT04HOH UHTOTIJia3MhJ Me)!():ly .llByM51 .noqepH11Ml1 KJleTKaM11) Ka)!():la51 

.noqepH5151 KJieTKa nonyqaeT no o.nHoil ueHTp11on11, KOTopa51 yL1sa11saeTc5I K cne

.ny10meMy .neneH1110 . Y.nsoeHHe ueHTp11oneil npo11cxo.n11T He .neneH11eM, a ny

TeM CHHTe3a HOBOH nepneHJ(l1KYIDIPHOH eil cTpyKTyphl. 

MumoXOHÒpuu - opraHeJIJihI KJieTKl1, OCHOBHOH cpyHKUl1eH KOTOpbIX 51B

JI5leTC51 Cl1HTe3 a,[leH03HHTp11cpoccpopHOH K11CJIOThl (AT<D) - YH11BepcaJibHOro 

BHYTPl1KJieT04HOro HOCl1TeJI51 :rnepr1111, o6pa3yJOmeroC51 B 11X MeM6paHaX B xo

.ne OKHCJll1TeJibHOfO cpoccpop11n11poBaHl15I (Ha MOJieKyJI5IpHO-KJleT04HOM ypOBHe 

.llhIXaH11e - nornomeH11e K11cnopo.na 11 BhI.lleJieH11e YTJieK11cnoro ra3a - npo-

11cxo.n11T e y4acT11eM MeM6paH 11 cpepMeHTOB Ml1TOXOH./lp11il). KJI10qesoe 3Ha4e

Hl1e .llJI5! c11HTe3a AT<D 11MeeT pa3HOCTh so.nopo.nHhIX noTeHu11anos Ha BHyT

peHHeil MeM6paHe Ml1TOXOH./lp11H. 

Jlu3oc0Mb1 - He6onhw11e u11cTepHhI, co.nep)!(amHe nOJIHhIH Ha6op n11me

sap11TeJI1>H1>1x cpepMeHTOB, pacmenJI51JOlill1X 6enK11, n11n11L11>1 11 non11caxap11.nh1, 

TaKl1X )!(e, KaK BO BCeM HaIJJeM n11mesap11TeJibHOM TpaKTe. HcnOJih3YJOTC51 

KJieTKOH J(Jl51 p51.na peryJI51TOpHbIX npoueccOB, BKJIJ04aJOTC51 np11 s11pycHOM HH

cp11u11poBaHl1l1 11Jil1 np11 B3al1MOJ(eHCTBl111 e 3H./lOUl1TOTl14ecKl1MH BaKyOJI51Ml1. 

Ilpe.nHa3Ha4eH1>1 TaK)!(e .nn51 caMoJI11Ks11.nau1111, BHYTPl1KJieT04HOro caMonepe

sap11saH115I KJieTKl1 np11 ee reHeT11YecK11 3annaH11posaHHOH cMepT11 - anonTo-

3e 11Jil1 )!(e np11 ee «HaCl1JlhCTBeHHOH» CMepT11 - HeKp03e (cM. Hl1)!(e) . 
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Ha116onee sa)!(HhIM OTJil1411eM 3YKap110T OT np0Kap110T .nonroe speM51 c4H

Tanoch HaJil1411e ocpopMJieHHOfO 51.llpa 11 MeM6paHHhIX opraHOH./lOB. 0.nHaKO K 

1970-1980-M rr. CTaJIO 51CHO, qTQ OTJil141151 o6ycnoBJieHbl TaK)!(e oco6eHHOCT51MH 

B opraHl13aU11H Ul1TOCKeJieTa. PaHee npe.nnonaran11, 4TO Ul1TOCKeJieT CBOHCTBe

HeH TOJihKO 3yKap110TaM, HO B cepe.n11He 1990-x rr. 11 y 6aKTep11il 6wrn o6Hapy

)!(eHbI 6eJIK11, fOMOJIOfl14Hbie OCHOBHhlM 6eJIKaM Ul1TOCKeJieTa 3yKap110T. HMeHHO 

HaJI11q11e cneu11ctJ114ecK11M o6pa30M ycTPOeHHoro UHTOcKeJieTa n03BOJI51eT 3yKa

pHOTaM C03J(aTb CHCTeMy f10./lBl1)!(HhlX BHYTpeHHl1X MeM6paHHhIX opraHeJIJI. 

KpoMe Toro, u11TocKeJieT no3BOJI51eT ocymecTBJI51Th 3Hno- H 3K30U11T03 (KaK 

npennonaraeTC51, 11MeHHO 6naro):lap51 3H./l0U11T03Y B 3yKap110TH4eCKl1X KJieTKax 

f1051Bl1JIHCh BHYTPHKJieT04HbJe CHM6HOHThl - MHTOXOHnp1111 11 nnacTH./lbl). )l,py

ra51 Ba)!(HeHIJJa51 cpyHKUH51 U11TOCKeJieTa 3yKap110T - o6ecne4eHHe neneHl151 51,[lpa 

(M11T03 11 Metto3) 11 Tena (U11TOTOM1151) 3YKap110Tl14eCKOH KJieTK11 (.neJieH11e npo

KapHOTl14eCKl1X KJieTOK opraH113osaHo npome). Pa3n11q1151 s CTPOeH1111 UHTocKe

neTa o6b51CH51JOT 11 npYT11e OTJil14H51 npo- 11 3yKapHOT. Hanp11Mep, nocT051HCTBO H 

npOCTOTY cpopM npoKap110Tl14eCKl1X KJieTOK 11 3Ha411TeJihHOe pa3H006pa3He 

cpopMbI 11 cnoco6HOCTh K ee 113MeHeHl1!0 y 3yKap110Tl14eCKl1X, a TaK)!(e OTHOCH

TeJibHO 6on1>ru11e pa3Mepb1 nocne):IHHX. TaK, pa3Mep1>1 npoKap110T11YecK11x KJieTOK 

COCTaBJI51JOT B cpe.nHeM 0,5-5 MKM, a pa3Mepbl 3yKap110Tl14eCKHX - OT I o ):10 

50 MKM. KpoMe Toro, TOJlhKO cpe.n11 3YKap110T nona,[la!OTC5! TIOHCTHHe rnraHT

CKl1e KJieTKl1, TaK11e KaK MaCCl1BHbie 51HUeKJieTKH aKyJI 11Jil1 CTpaycos (s nTl14beM 

51HUe secb )!(eJITOK - 3TO onHa orpOMHa51 5!HUeKJieTKa), HeHpOHhl KpynHh!X MJie

KOTI11TaJOm11x, OTPOCTKl1 KOTOpbIX, yKpenJieHHbie U11TOCKeJieTOM, MoryT ./lOCTH

raTb ):leC51TKOB caHTHMeTPOB 11 .na)!(e MeTPOB B J(Jl11HY . 

B cTpoeH1111 H cpyHKUl151X OLIHOKJieT04HhlX opraHH3MOB, 11JIH npocTeìirnHx, 

CBOHCTBeHHbie BCeM KJieTKaM 4epTbl C04eTaJOTC51 e np113HaKaM11 caMOCT051-

TeJibHhlX opraHl13MOB. TaK, y npoCTeilrn11x TaKoì1 )!(e Ha6op opraH011.nos, KaK H 

y KJieTOK MHOfOKJieTO'IHhIX. OnHaKo np11cnoco6neHHe npoCTei!ruHx K pa3HhIM 

cpe.naM (BOJ(HOH 11Jll1 Ha3eMHOH) 11 cpopMaM 0611TaHH5I ( CB060):IHOMY HJ111 napa-

311Tl1'IeCKOMY cymeCTBOBaHl1!0) o6ycJIOBl1JIO cymeCTBeHHOe pa3H006pa311e 11X 

cTpoeH115I 11 cp11311onorn11. MHorne npoCTei!rn11e ()!(ryT11KOBhie, HHclJy3op11H) 

06nana10T CJIO)!(HbJM ):IBl1raTeJibHhIM annapaTOM 11 HMeJOT cneuHaJil1311pOBaH

Hble opraHeJIJihI, CB5!3aHH1>1e e 3axsaTOM n11m11 11 n11mesapeH11eM. B OTJI11q11e OT 

npocTeHIJJl1X 11 KJieTOK MHOfOKJieT04HhIX opraHl13MOB 6aKTep1111, Cl1He-3eJieHble 

so.nopocn11 11 aKTHHOM11ueThI He HMeJOT ocpopMJieHHOro 51.llpa H xpoMocoM. Hx 

reHeT11'IeCKl1H annapaT, KOTOpblH Ha3bJBaeTC5! HYKJieOl1):10M, npe.ncTaBJieH Hl1-

T51Ml1 )l,HK 11 tte oKpy)!(eH o6ono4KOì1. Eme 6onee OTJIH4aJOTC51 OT npocTeilrn11x 

H KJieTOK MHOfOKJieToqHhJX opraHl13MOB B11pyc1>1, y KOTOpbIX OTCYTCTBYIOT oc

HOBHbie Heo6xonHMbie J(Jl51 o6MeHa semecTB cpepMeHThl. Il03TOMY s11pyc1>1 MO

fYT pacTl1 11 pa3MHO)!(aTbC51, Jll1IJJh npOHl1Ka51 B 11HctJ11u11pyeMble KJieTKl1 11 11C

nOJih3Y51 11X cpepMeHTHbJe Cl1CTeMbl. 

KneTKl1 pacTeH11il nosepx nJia3MaT11qecKoil MeM6paHhI noKph!ThI, KaK npa

BHJIO, TBep):IOH BHeIJJHeil o60JIO'IKOH (O Ha MO)!(eT OTCYTCTBOBaTb Jll1IJJh y flOJIO-
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• KaTarr11Tttt1ecK11e cpyttKu1111 (06pa:msatt11e rrerrrn,llHOH CBH311, rn.upomn IT<l>); 

• cpyttKUllll Mexatt111-1ecKoro rrepeMemettm1 cy6cTpaTOB (llPHK, TPHK), 11Jill 

TpaHCJIOKaUllll. 

I..{umocKeJlem BKJIIOLfaeT 6eJIKOBhie cp116pllIIIIHpHbie crpyKryphI, pacrroJio)!(eH

Hhie B UllTOITJ!a3Me KJieTKH: MllKpOTpy60LfKll, aKTllHOBbie li rrpoMe)!(YTOLfHbie cpll

JiaMeHTbl. MllKporpy6oLfKll npllHllMaIOT yqacTlle B rpattcrropTe opratteJIJI 11 BXO,llHT 

B COCTaB ~llKOB. lh MllKp0Tpy6oLfeK CTpOllTCH MllTOTtttleCKOe BepeTeHO .ueJie

HHH, cpopM11pyiomeec51 .UAA paCTaCKllBaHHH xpOMOCOM np11 MllT03e - .ueJieHllll 

KJieTOK. AKTllHOBbie cpllJiaMeHThl Heo6XO,lll1Mhl ,llJIH ITO,ll,llep)!(aHH51 cpopMbl KJieTKll, 

rrces.uono.u11arrbHhIX peaKUllH. PoIIh rrpoMe)!(YTOLfHbIX cp11JiaMeHTOB, rro-BH,llllMOMy, 

TaK)!(e 3aKJIJOLfaeTCH B ITO,ll,llep)!(aHllll CTpyKryphl KJieTK11. EeJIKll UllTOCKeJieTa co

CTaBAAIOT HeCKOJibKO .ueCHTKOB rrpoueHTOB OT MaCCbl KJ!eTOLfHOro 6eJIKa. 

I..{eHmpuo!lu rrpe.ucTaBJIHJOT co6oì1 UllJillH.!lpllLfecKlle 6eJIKOBhie CTPYKTy

pbI, pacrrOJIO)!(eHHb!e B6Jil13ll 51,llpa KJieTOK )!(llBOTHhlX (y pacTeHllH ueHTpllOJieH 

HeT) . 1.J,eHTpllOJih rrpe.ucTaBJIHeT co6oì1 Ul1JI11H.Up, 60KOBaH nosepXHOCTb KOTO

poro o6pa3oBaHa .ueBHThJO Ha6opaMll MllKpoTpy6oLfeK. KoJI11LfecTBo MllKpoTpy-

6oLfeK B Ha6ope MO)!(eT KOJie6aTbCH ,llJIH pa3HbIX opraHll3MOB OT 1 .uo 3. BoKpyr 

ueHTpllOJieH HaXO.!ll1TCH TaK Ha3bJBaeMb!H ueHTP opraHll3aUllll UllTOCKeJieTa -

o6JiaCTh, B KOTOpOH rpyrrrrllpyK>TCH KOHUhl M11Kp0Tpy6oLfeK. 

Tiepe.u .ueIIeHlleM KJieTKa HMeeT .use ueHTp110JI11, pacnoJio)!(eHHbie no.u 

rrpHMblM yrJIOM .upyr K .upyry. B xo.ue Ml1T03a OHH pacXO,llHTCH K pa3HhlM KOH

uaM KJieTKl1 , cpopM11pyH ITOJIK>Ca BepeTeHa .ueJieHl151 . TiocJie UllTOKl1He3a (pa3-

.ueJieHll51 KJieTOLfHOH llllTOTIJia3Mbl Me)!(.uy .!lBYMH .!lOLfepHHMll KJieTKaMll) Ka)!(.uaH 

,llOLfepHHH KJieTKa rroJiyqaeT rro 0.!lHOH 1..1eHTpllOJill, KOTOpaH y.usallBaeTCH K CJie

.!lYK>Il.(eMy .ueJieHllK>. Y.usoettlle uettTplloJieìi rrpo11cxo.u11T He .ueJiett11eM, a ny

TeM CHHTe3a HOBOH rreprrett.u11KynHpHoì1 eìi CTPYKTYPhJ. 

Mumoxo1-1òpuu - opraHeJIJihI KJ!eTKH, OCHOBHOH cpyHKI..llleH KOTOpbIX HB

JIHeTCH CllHTe3 a.ueH0311HTp11cpoccpopHOH KHCJIOThI (AT<l>) - YHHBepcaJibHOro 

BHYTPl1KJieTOLfHOro HOCllTeJIH :rneprllll, o6pa3yK>merocH B llX MeM6pattax B xo

.ue OKllCJillTeJibHOro cpoccpop11JI11poBaH115! (Ha MOJieKyJIHpHO-KJieTOLfHOM ypOBHe 

.Uhrxattlle - rrornomettlle KllCJiopo.ua 11 BhI.UeJiettlle yrneK11cnoro ra3a - rrpo

llCXO.!lHT e yqacT11eM MeM6paH 11 cpepMeHTOB MllTOXOH.!lpllH). KnK>LfeBOe 3HaLfe

HHe .UJIH CllHTe3a AT<l> llMeeT pa3HOCTh BO.!lOPO.UHhIX IIOTeHI..111aJIOB Ha BHyT

peHHeH MeM6paHe MllTOXOH,llpllH. 

Jlu30COMbl - He60JihWl1e I..lllCTepHhI, co.uep)!(am11e ITOJIHhlH Ha6op rr11me

sap11TeJibHbIX cpepMeHTOB, pacmerrJIHKlll.(llX 6eJIKl1, Jil1Illl.!lhl li IIOJil1Caxap11.uhr , 

TaKHX )!(e, KaK BO BCeM HaweM Illlll.(eBapllTeJibHOM TpaKTe. HcrrOJJh3YK>TCH 

KJJeTKOH .UJJH pH.ua peryJJHTopHbIX rrpoueccos, BKJIK>LfaK>TCH np11 BllpycttoM 11H

cpllUllposatt1111 11Jlll rrpll B3al1MO.!leì1cTBl1ll e 3H.UOI..111TOTl1LfeCKl1Ml1 BaKyOJIHMll . 

Tipe.UHa3HaLfeHhI TaK)!(e .UJIH caMOJ1HKBll.Ua1..111ll, BHYTPllKJieTOLfHOro caMorrepe

sap11sattllH KJieTKH rrp11 ee reHeTHLfeCKll 3annattllpOBaHHOH cMepT11 - arrorrTo-

3e 11Jll1 )!(e np11 ee «HaCHJihCTBeHHOH» CMepTll - HeKp03e (CM. HH)!(e). 
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Ha116onee smKHhIM oTnwrneM 3yKap110T OT rrp0Kap110T .uonroe speMH cLJ11-

Tanoch Hanl1'1He octiopMneHHOro s:1.upa H MeM6paHHhIX opraHOH.UOB. 0.uHaKO K 

1970-1980-M rr. CTano HCHO, LJTO OTJJH'll1H o6ycnosneHhl TaIOKe oco6eHHOCrnMH 

B opraH113au1111 UHTOCKeJJeTa. PaHee rrpe.urronaranH, 'ITO UHTOCKeneT CBOHCTBe

HeH TOJlhKO 3yKapHOTaM, HO B cepe.u11He 1990-x rr. H y 6aKTep11ì1 6h!Jrn o6Hapy

)!(eHhl 6enKH, fOMOJJOfHLJHhle OCHOBHhIM 6enKaM UHTOCKeneTa 3yKapHOT. HMeHHO 

Han11'111e cneumP11'1eCKHM o6pa30M ycrpoeHHOro UHTOCKeneTa 1103BOJJHeT 3yKa

pHOTaM C03,UaTh CHCTeMy 110.UBH)!(Hh!X BHyrpeHHHX MeM6paHHhlX opraHeJJJJ . 

KpoMe Toro, u11TOCKeneT n03BORS'leT oc~ecTBJJHTh 3H.UO- 11 3K30UHT03 (KaK 

rrpe.[(IIOJJaraeTCH, 11MeHHO 6naro.[(apH: 3H.[(0l.(11T03Y B 3yKapHOTHLJeCKl1X KJJeTKax 

IIOHBHJJHCh BHYTPHKJleTOLJHhie CHM6HOHThl - Ml1TOXOH.Up11H H rrnaCTH.[(hl) . ,[(py

raH Ba)!(HeHlllM <l>YHKUHH UHTOCKeneTa 3yKapHOT - 06ecrreLJeH11e .[(eneHHH s:1.upa 

(M11T03 H MeH03) H Tena (U11TOTOM11H) 3yKapHOTHLJeCKOH KJleTKH (.ueneHHe npo

KapHQ-THLJeCKl1X KJJeTOK opraHl130BaHO rrpome). Pa3JJH'll1H B CTpoeHHH Ul1TOCKe

JJeTa 06bHCHHIOT H .upyr11e OTJJl1'111H: rrpo- H 3yKapHOT. Harrp11Mep, IIOCTOHHCTBO H 

rrpOCTOTY ct>opM rrpoKapHOTH4eCKHX KJJeTOK 11 3Ha411TeJlhHOe pa3Hoo6pa3He 

ctiopMhl 11 cnoco6HOCTh K ee H3MeHeHHIO y 3yKapHOTl1'1eCKHX, a TaK)!(e OTHOCl1-

TeJJhHO 6onh11rne pa3Meph1 nocne.UHHX. TaK, pa3MephI rrpoKap110T114eCKHX KJJeTOK 

cocTaBJJHIOT B cpe.uHeM 0 ,5 - 5 MKM, a pa3MephI 3yKap110T11LJecK11x - OT IO .uo 

50 MKM. KpoMe Toro, TOJlhKO cpe.[(11 3yKapHOT rrona,Ua!OTCH ITOHCTHHe r11raHT

CK11e KJJeTKl1, TaK11e KaK MaCCHBHhJe HHL(eKJJeTKH aKyn 11Jll1 CTpaycos (s IITl14heM 

s:1ì1ue sech )!(eJJTOK - 3To o.uHa orpoMHaH s:1ì1ueKJJeTKa), tteì1pOHhI KpynHhIX Mne

Kon11Ta10m11x, orpOCTKH KOTOphIX, yKpenneHHhie UHTOCKeneTOM, Moryr .[(OCTH

raTh .uecHTKOB caHTHMeTpOB H ,[(a)!(e MeTpOB B .UJJHHY. 

B cTpoett1111 11 <l>YHKUHHX O.UHOKJJeTOLJHhJX opraHH3MOB, 11n11 npocTeHllll1X, 

CBOHCTBeHHhie BCeM KJJeTKaM 4epThl C04eTa!OTCH e np113HaKaMl1 caMOCTOH

TeJJhHh!X oprattl13MOB. TaK, y npocTeHlllHX TaKoì1 )!(e tta6op opratto11.uos, KaK 11 

y KJJeTOK MHOfOKJJeTOLJHhlX. 0.uHaKO np11cnoco6neH11e npocTeì1w11x K pa3Hh!M 

cpe.uaM (BO.UH OH HJJH Ha3eMHOH) H ct>opMaM 0611TaHl1H ( cso6o.uHoMy 11Jl11 napa-

311Tl1'1eCKOMY cymeCTBOBaHHIO) o6ycnoBHJJO c~eCTBeHHOe pa3H006pa311e 11X 

CTpoett11s:1 11 ct>m11onorn11. Mttorne rrpocTeHlllHe ()!(ryT11KOBhie, 11tt<l>y3op1111) 

o6na,[(a!OT CJJO)!(Hh!M .UB11raTeJJhHh!M arrnapaTOM H 11Me!OT cneu11aJJH3HpOBaH

Hhle opraHeJJJJhl , CBH3aHHhJe e 3aXBaTOM IIH!l\11 11 n11mesapett11eM. B OTJ111'1He OT 

npocTeHllll1X H KJJeTOK MHOfOKJJeTOL!HhlX opraH113MOB 6aKTep1111, Cl1He-3eJJeHhie 

BO.UOpOCJJH H aKTl1HOMHL(eThl He 11Me!OT oct>opMJJeHHOro H.[(pa H xpoMOCOM. Hx 

reHeT11LieCKHH arrnapaT, KOTOph!H Ha3hJBaeTCH HYKJJeOl1.[(0M, rrpe.[(CTasneH Hl1-

THMl1 ,[(HK H He OKpy)!(eH o60JJOL!KOH. Eme 6onee OTJJl1L!a!OTCH OT rrpocTeHllJHX 

H KJJeTOK MHOfOKJleTO'IHh!X opraHl13MOB BHpychI, y KOTOph!X OTCYTCTBYIOT oc

HOBHhie Heo6xo.u11Mhie .uns:1 o6MeHa semecTs ct>epMeHThI. TI03TOMY s11pych1 MO

ryr paCTH H pa3MHO)!(aThCH, J!Hlllh npOHl1KaH B HH<t>11u11pyeMhie KJJeTKH 11 HC-

110Jlh3YH HX ct>epMeHTHhle Cl1CTeMhl. 

KneTKl1 pacTeHl1H nosepx 11Jla3MaTHLJeCKOH MeM6paHhl 110Kph!Thl, KaK npa

BHJJO, TBep.uoì1 BHellJHeH o60JJOLJKOH ( OHa MO)!(eT OTCYTCTBOBaTh JJl1lllh y IIOJJO-
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BhlX KJieTOK) , COCTOHll{eH y 60JihWIIHCTBa pacTeHIIH rnaBHhIM o6pa30M II3 no

JIIIcaxapII.UOB : uenmoJI03hI, neKTIIHOBhlX Bell{eCTB II reMIIUeJimOJI03, a y rpII60B 

II HeKOTOphrx sonopocnefi - 113 x11T IIHa. 06ono4Kl1 ctta6)f(eHhI nopaMII, 4epe3 

KOTOphie e noMOll{hlO BhlpOCTOB UIITOnJia3Mhl coce)lHIIe KJieTKl1 CB5!3aHhl .upyr e 

.upyr oM. 06oJIOlJKII KJieTOK onpe.uenHIOT MexaHl1lJeCKIIe CBOHCTBa paCTeHIIH. 

Cocrns II CTpoeH11e o6oJIOlJKII MeHHIOTCH no Mepe pocrn II p a3BIITIIH. ,I.1,11cpcpe

peHu11posatttth1e paCTl1TeJihHbJe KJieTKl1 11Me!OT HeCKOJlbKO BaKyoJieH IIJil1 O.UHY 

ueHTpanbHYIO BaKyonh, 3aHl1Ma lOll{YIO o6hilJHO 66JibWYJO lJaCTb 06b eMa KJieT

Kl1. Co.uep)f(11Moe saKyoneii npen crnsnsreT co6oii BO.UHhIH pacrnop pa3Jil1'lHhIX 

coneii, yrneBO)lOB, opraHl1lJeCKIIX KIICJIOT, anKaJIOl1)lOB, aMl1HOKl1CJIOT, 6eJIKOB. 

B saKyonsrx MOrYT OTKJia.UhIBaTbCH nIITaTeJibHhre semecTs a . B ur1Tonn a3Me 

paCTl1TeJibHOH KJieTKII 11MelOTC5! cneuIIaJibHhJe opraHOII)lbl - nnaCTII)lhI ; neii

KonnaCTbl (s H11x 4aCTo OTKnan hmaeTCH KpaxMaJI), xnoponn acThI (con ep)f(aT 

e npe11MymecrneHHO xJiopocp11nn 11 ocymecTBJIHJOT cpoToc11HTe 3) 11 xpoMonnacTbI 

(co.uep)f(aT nIIrMeHTbl 113 rpynnhI KapOTl1H011)lOB). IlJiaCTII)lbl , KaK II M11TOXOH)l

p11II, cnoco6Hbl K caMOBOCnpOII3Be)leHIIJO . 

Pa3pyrneH11e KJieTOlJHOH CTPYKTYPhI (Hanp11Mep, npII 3JIOKa4ecrneHHhIX 

onyxonsrx) HOCl1T tta3satt11e attann a3IIl1. A soo6me )f(e, B Ka)f(noii 3 yKap110T11-

4ecKoii KJieTKe 3aJIO)f(eHa r etteTIIlJeCKasr nporpaMMa ee CMepTII , HacTy1iaJOmeii 

no npoweCTBIIl1 OTMepeHHOro 3 BOJIIOU11eii cpoKa ee )f(l13HII . 3To MOI'YT 6bITb 

I'O)lbl, KaK )lJIH HepBHhIX KJieTOK, 11Jil1 )lHl1 (70-100 )lHeii) )lJIH 3p11TpOU11TOB. 

3ann att11posaHHOe caMOYHIIlJTO)f(eHIIe KJieTOK )f(l1BOTHbIX Ha3bJBaeTC5! anonmo-
30M, II OHO He06XO)lIIMO )lJIH BbIBe)leHIIH 113 nosce.utteBHOH .uesrTeJibHOCTl1 Ha

Kann11BaJOll{l1X MoneKyn srpHbIX necpeKTOB CTapeIOm11x KJieToK . C n o)f(ttefiw11e 

MexaHl13Mhl anonT03a B HaCTOHll{ee BpeMH aKTIIBHO II3ylJalOTCH, e ueJiblO rrpo

)lJieHl15! npo.noJI)f(IITeJihHOCTII nepIIo.ua aKTIIBHOii )f(II3HII n io.uefi. B cny4ae, KO

r.ua CMepTh KJieTKII He HBJIHeTCH r eHeT JJ<leCKII 3anJiaHIIpOBa HHOH, a «HaCIIJibCT

BeHHOH», npouecc ee pa3pyweHII5! Ha3bJBaeTC5! HeKp030M, KOTOph!H no CBOIIM 

MexaHl13MaM OTJIIIlJaeTCH OT anonT0 3a. 

no-BHAHMOMy, BCe (!) BpeAHble 3KOnOrH4eCKHe B03)leHCTB"1Sl 1-1n1-1 HanpSlMYIO 

Ha41-1Ha10Trn e B03Aei1crn1-1si Ha KneTKy, 1-1n1-1 >Ke Ha Hei1 3asepwa10Trn. 

Ilp11 3TOM B pa3HblX cny4asrx B p a3HOH CTeneHl1 II noCJie)lOBaTeJihHOCTl1 

«3a)leHCTBYJOTCH» BCe KJieTOlJHbie opraHeJIJihl. 

TaK, OCHOBHOH M11WeHhlO )lJIH pa.u11oaKTl1BHhIX 113JIYlJeHIIH HBmreTCH KJie

TOlJHOe srnpo, rne B nepsyJO olJepen b HapywaJOTCH npoueccb1 penn 11KaUIIII II 

TpaHCKpIInUIIII 11, KaK c.ire.ucTBIIe, BCe npoueCChl 6IIOCIIHTe3a 6IIOMOJieKyJI. 

KceHo6uomuKu - lJ~epo.UHhJe opraHII3MY tteopratt11lJecK11e IIJIII opraH11lJe

CK11e Bell{eCTBa - B KalJeCTBe Ml1Wetteii «BhI6IIpaIOT» pa3Jil1lJHhle MOJieKynsrp

HbJe IIJIII tta.nMoneKyJisrpHhie c11cTeMbl. Cxo)f(11e no cTpyKType e npIIpO.UHhIMII 

HeiipoMe)lIIaTopaMII TexHoreHHbie noJIJIJOTaHThl B03)leHCTBYIOT Ha ttepsttyJO 

CIICTeMy lJeJIOBeKa II )f(l1BOTHblX, CB5!3bIBaHCh e MeM6paHHhJMII peuenTopaMII 

HepBHh!X KJieTOK 11 c611sasr 11X CJia)f(eHHYJO pa6oTy. TH)f(eJibJe MeTaJIJibl CBH3hl

BaJOTC5! e 6errKaM11-cpepMeHTaM11, 11HaKTIIBIIpysr IIX. ITosepxHOCTHO-aKT11Btth1e 
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BemeCTBa BHeApRIOTCR B KJieT04HhJe MeM6paHhl, H3MeHRi:J HX MexaHHl.JeCKHe 

CBOHCTBa, HapywaR HX rpaHcnopTHhJe H peuenTOpHhle cj:>yHKUHH. 

TiaTOJIOfl14eCKOe .neì1CTBHe MHOfHX KCeH06HOTHKOB {i:IAOB, HapKOTHKOB, 

pa.n11au1111) CBi:J3aHO e HX UHTOJIHTH4eCKHM .neHCTBHeM, HHal.Je rosopi:i, e pa3-

pyweHHeM UHTOCKeJieTa KJieTKH. TipH 3TOM HapywaIOTCi:J cj:>yHKUHOHHposaHHe 

KJieTKH KaK aHCaM6Jii:J B3aHMO,[(eHCTBYIOJ..UHX opraHeJIJI H c):>epMeHTOB, a TaK)f{e 

MexaHH3M .ne11eHHi:J KJieTKH. 

C11e.nyeT OTMeTHTh, 4TO .n11i:i OTAeJihHhIX KJieTOK 11 ttaAKJieTOLJ:HhIX o6pa30-

satt11ì1 (opraHos) xapaKTepHhI 3cpcj:>eKThI yCH11eH11i:i CJ1a6h1x so3.neì1CTBHH (so3-

MymeH11ì1), npH4eM OHH MoryT 6h1Th HanpasJieHhl B o6e CTOpOHhl. HeKOTOphie 

BpeAHhie cptt3H4eCKHe cj:>aKTOphl H3HaLJ:aJihHO B03,[(eHCTBYIOT ueJIHKOM Ha OT

.neJihHhie opraHhI 111111 sech opraHH3M. 3To MO)f(eT 6hITh sttewttee 3JieKTpH4e

cKoe HJIH MarHHTHOe none, HHTeHCHBHhIH 3BYK H T . .[(., HO, B KOHe'-IHOM CLJ:eTe, 

6y.nyT .nerpa.n14poBaTh OT,[(eJihHhie KJieTKH . 

Bo3HHKHosett11e 11 pa3BHTHe )1{113H11 Ha 3eMJie scer.na 6hJJIO ttepa3phIBHhIM 

o6pa30M csi:i3aHo e 3so1110u11eì1 Haweì1 n11atteThJ. 06cy)f(.neHHIO 3Toro cj:>yH.na

MeHTaJihHOro e.n11Hcrna B 3so1110u1111 611oreocc):>eph1 nocsi:imeHhI noc11e.ny10m11e 

pa3.ne11h1 rnash1. 

4 .2. IlpoHCXO)K.LJ:eHHe rrpe.z:i:rneCTBeHHHKOB 

)l(HBOH KJieTKH 

Bee Mbl POA11Al1Cb 113 3€MAl1 11 BOAbl . 

KceHoc/>aH Ko11oc/>OHCK11?i 

ITpo611eMa B03HHKHOBeHHl'I )1{113HH Ha 3eMJie OKOJIO 4 MJIPA JieT Ha3a.[( H3 

He)f(HBOH MaTepHH 6bJJia H OCTaeTCi:J OAHOH H3 rnaBHh!X npo611eM cospeMeHHO

ro ecTeCTB03HaHHi:J. Bo MHOroM .[(Jli:J HaC Hei:JC!-lhl warH Tip11pOAhl Ha OyYH OT 

He)f(HBOrO K )f(HBOMy. fJiaBHai:J 3ara,[(Ka - B03HHKl-IOBeHHe )f(HBOH KJieTKH. 

C aHTH4HhlX speMeH BllJIOTh .[(O cepe.[(Hl-lhl ,[(eBi:JTHa.[(UaTOrO BeKa OC03HaHHO 

HJIH HeOC03HaHHO B 4eJIOBeLJ:eCKOM MHpOB033peHHH rocno.[(CTBOBaJia BHTaJIHCTH

LJ:eCKai:J T04Ka 3peHHi:J, cornaCHO KOTOpoì1 BCIO )f(HBYIO H He)f(HBYIO npttpo.ny npo

HH3hJBaeT HeKM o6mai:i )f(J13He!-IHM CHJia. floTOMY 04eBH.[(HhlM no11araJIOCh caMo-

3apO)f{.[(eH11e opraHH3MOB (11H4HHOK Myx B TyxJIOM Mi:JCe, MhIWeì1 B rpi:I3HOM 6eJihe 

11 T . .n.), .no Tex nop noKa HTaJIUHeU <l>paH4eCKO Pe.n11, )f(HBWHH B XVII s., He no

Ka3aJI, 4TO eCJIH HaKphITh TyxJIOe MRCO Ypi:IOOLJ:KOH, 4T06hI K HeMy He MOfJIH no

.no6p aThCi:J MyxH, TO Jll14Hl-IKH Myx B TaKOM MRCe He 3aBO.[(i:JTCi:J. ITOi:IBHJICi:J npHH

u11n Pe.n11: «Bee )f(HBoe npo11cxo.n11T TOJihKO OT )l(J1BOr0>>. 3TOT np111-1u11n xopowo 

cornaCOBhJBaJICi:J H e 611611eì1CKOH Bepctteì1 cornopeHHR Mttpa H )f(HBhIX cymecTB. 

PacnpocrpaHHTh 3TOT rrp111-1u11n Ha MHKpoopraHH3MhI y.nanoch TOJihKO B 60-x rr. 
XIX B. JlyM ITacTepy, KOTOphIH caM, KCTaTH rosopi:i, 6brn rny6oKo sepymmHM, pe

nttrn03HhIM 1.JeJIOBeKOM. 01-1 AOKa3aJI, 4TO B KOJI6e e 6ynhOHOM MHKpOOpraHl13Mhl 



268 rnasa 4. npo1'1CXO>K,QeHl'1e >IU1BOl°1 KneTKl'11'1 Ha4ana 3BOntOL\1'11'1 

He 3aso.D.51Trn, ec11H nperpa,n11Th .nocryn 3apo,nh1rnaM 3Tl1X MHKpo6os. TaK 6hmo 

noKOH'-leHO e BHTMl13MOM, HO 3TO KpynHoe Hayrrnoe .no cTmKeHHe napa,nOKCaJlh

Hh!M o6pa30M ChirpMo Ha PYKY He Hay-Ke, a ~epKB11 s nepsy10 OI.Jepe,nh . YKperm-

1111Ch 110311U1111 Tex, KTO HaCTal1BM Ha 6o)l(eCTBeHHOM np0 11CXO)l(,neHl111 )1(113HH. 

Ilpe.ncrnsmrnoch, LJTO Me)l(,ny )1(11BhIM 11 He)l(l1BhIM 11e)l(11T Herrpeo.no1111MM rpaHh. 

TeM 6011ee LJTO Ha TOT MOMeHT X11M11Kl1 He y-Me1111 Cl1HTe311posaTh KaKHe-111160 op

raH11t.IeCKHe coe,nHHeHIUI H3 HeopraHl1'-leCKHX, l1 Ka3MOCh, LJTO _na)l(e Ha Xl1M11'-le

CKOM yposHe Me)l(_ny )1(11Bh!M 11 He)l(HBh!M nponaCTh Henpeo.no1111Ma. 

CaM l.J: . )l,aps11H, no-s11,n11M0My, He OLJeHh Ha,ne~rncll , LJTO TaiiHy npo11cxo

)!(_neH11ll )1(113Hl1 Kor,na-H116y,nh y.nacTcll pa3ra,naTh. B HeKOTOphIX 113,naHl1llX 

«I1po11cxo)l(_neH11l! s11.no s» OH _na)l(e yrroMHHaeT o T sopue, «B,noxHysweM» 

)l(J13Hh B rrepBbltt opraHH3M. 0,nHaKO coxpaHH1111Ch 1111ChMa )l,apBHHa Ko1111eraM 

l1 .npy3hl!M, 113 KOTOpb!X BH,nHO, LJTO OH pa3,neJlll11 11 11,neIO a611oreHe3a - caMO

npOH3B011hHOro 3apmK,neHml rrepBh!X )1(11Bh!X cyruecTB 113 opraH11LJeCKl1X co

e,nHHei'Ì11ii, KaKHM-TO nyTeM o6pa30BaBU111XCll Ha .npeBHeii 3eM11e 113 HeopraH11-

t.IeCKHX seruecrn . BMeCTe c TeM OH 11011arM, LITO ::iry r11110Te 3y e.nsa 1111 y.nacTcl! 

rrposepttTh, noToMy LITO B HhIHernHeii 611occpepe 11106oe caMorrpo113so11hHO o6-

pa3osasweecl! «B KaKOM-H116y,nh Ma11eHhKOM Te!1110M npy.ny» CO BCeMl1 BH,naMH 

coe,nttHeHl1M a30Ta, co11eì1 cpoccpopa, CBeTOM, Te!1110M , 311eKTPl1LJeCTBOM l1 T. ,n. 

opraH11t.IeCKOe serueCTBO He3aMe,n1111Te11hHO 6y,neT Còe,neHO )l(l1BYIUl1Ml1 B HeM 

opraH113MaMl1, LJTO, KOHeLJHO )!(e, 6h1Jl0 HeB03MQ)l(H0 B Te speMeHa, Kor.na 

)!(J13Hh eme He cyruecTsosa11a. 

EcrecrneHHhie HayK11 06paT111111ch K Hay11H0My p accMOTPeH1110 rrpo611eMhl 

B03HHKHOBeHl1ll )l{mHH Ha 3eMJle B rropj{,nKe, o6paTHOM 11x cpopM11posatt1110. Ca

MM M0110,nall 113 Hl1X - 611011or11ll, C03,naBU1M 3BOJllOUHOHHOe yqeHHe, 3KCTParro-

11HpOBMa rrpe.ncrnBJleHJ1j{ o cospeMeHHOii 611occpepe K ee 11cT0KaM. Ilo Mepe yr

.rry611eHJ1j{ 3HaH11ì1 o M011eKyJlllpHoii CTPYKTYPe 11 MexaHl13Max cpyttKUl10H11posaHJ1ji 

)!(11Bh!X Cl1CTeM ecTeCTB03HaH11e rrepew110 OT paCCMOTPeHl1ll MOpcpo11or11t.IeCKl1X 

rro.no611ìf )1(11Bh!X 11 He)l(J1Bh!X Cl1CTeM K (6110 )X11M11'-!eCK11M OCHOBaM 611011033a. 

CTapeìfwM 113 ecTecrneHHhIX HayK - cp11311Ka, rro-cyruecTsy, T011hKO ceìf'Iac Ha

t.I11HaeT cpopMyJrnposaTh cucmer.ty cp11311qecK11x Kpl1Tep11es rrpe.n611011orl1'-!eCKOH 

3B01110U1111, 611ocp11311LJeCKl1X rrpe.ncrns11eH11H o CYIUHOCTl1 )l(J180ro. 

Ba)l(Hdiw11ii BK11a.n B peweH11e rrpo611eMhI BHec11a x11M11l!. B 1828 r . x11-

M11K11 c11HTe311posa1111 MOt.IeB11Hy, 3aTeM 11111111,nhI, 3aTeM A. M. EyY11epos OT

KphlJl peaKU11!0 Cl1HTe3a caxapos 113 HeopraHl1'-leCK11X coe,n11HeH11H . 11 CTa110 

l!CHO, '-ITO Herrpeo.no1111MOM «Xl1Ml1'-leCKOH» rpaH11 HeT, LJTO opraHl1Ka MO)!(eT 

6b!Th Cl1HTe311pOBaHa 113 HeopraH11LJeCKl1X coe,n11HeHl1H . f11110Te3y rraHcrrepM1111 

(KOCMl1t.IeCKOro 11Hcp11u11posaHl1j{ 3eM1111 rrpocTeHU111Ml1 opraHl13MaMl1 111111 

6HOM011eKy11aM11) Mb! 3,nech paccMaTp11BaTh He 6y,neM, 110CK011hKY rrpo611eMhI 

611011033a rrorrpocTy rrepeHOC}ITCll e10 c 3eM1111 s .npyr11e t.IacT11 Bce11eHHoìf. 

IJOj!BJilleTCll ace 6011hWe cs11,neTeJihCTB TOMy, '-ITO ,nJij{ B03Hl1KHOBeHl1ll )1{113H11 

Ha Harneìf nnaHeTe 6hrno .nocTaTOt.IHO 3eMJil1, Bo,nhI 11 Co11Hua. 

<l>11311qecK11e llB11eHl1ll Ha .npeBHeìf 3eMJie ( TepM11t.IeCKl1e, 3JieKTpl1t.IeCKl1e, 

MarHl1THhie, 011Tl1'-!eCKl1e, r11.npo,n11HaM11t.IeCK11e, aKyCTl1t.IeCKHe), a TaK)l(e XH-
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MH'-leCKHe peaKl{HH (HeopraHH'-leCKHe, opraHH'-leCKHe, KaTaJlHTH'-leCKHe) , CB51-

3aHHbie B OTKpbITblX HeJlHHeHHblX reTeporeHHblX CHCTeMax CHHepreTHl.feCKHMH 

B3aHMOOTHOWeHH51MH, onpe.ue11HJ1H a6HoreHHblH CHHTe3, cppaKl{HOHHpOBaHHe 

H KOHl{eHTpHpOBaHHe npOCTeHWHX opraHH'-leCKHX MOJleKyJl, COCTaBHBWHX oc

HOBY COBpeMeHHblX 6Ho(MaKpO)MOJleKy11, a TaK)f(e o6pa30BaHHe npoTOKJleTOK -

npe.uwecTBeHHHKOB )f(HBbIX KJleTOK. 

CBH.UeTeJlbCTBa cymecTBosaHH51 )f(HJHH BCTpe'-1aIOTC51 B caMbIX .upesHHX no

po.uax JeMHOH KOpb1. OT Hal.faJlbHhIX :nanos cymecTBOBaHH51 Haweì1 n11aHeTbI He 

OCTaJlOCb np51MbIX reo11orHlfeCKHX CJle)lOB, KOTOpble, B npHHl{Hne, MOrnH 6bI 

HMeTb c11e.uh1 )f(HJHH. A caMbie .upeBHHe c11e.uh1 )f(HJ HH B BH)le KYCOlfKOB rpacpHTa 

e H3MeHeHHblM H30TOTIHbIM COCTaBOM yrnepo.ua Bbl51BJ15l!OTC51 B coxpaHHBWHXC51 

nopo.uax B03paCTOM 3,8 M11P.1l JleT. Kor.ua )f(HBble opraHH3Mbl CHHTe3HpyioT opra

HHlfeCKHe semecTBa H3 yrneKHCJlOro raJa, npOHCXO)lHT cppaKUHOHHpOBaHHe H30-

TOTIOB. TI6 COOTHOWeHHIO H30TOTIOB B 3TOM .upeBHeM yrnepo.ue MO)f(HO npe.uno-

11araTh, l.fTO ~e 3,8 M11p.u 11eT HaJa.u Ha 3eMJle 6b111a )f(H3Hh. Ho, e .upyroì1 CTopo

HhI, cppaKl{HOHHposaHHe H30TOnOB yrnepo.ua MO)f(eT npOHCXO)lHTb H 6e3 YlfaCTH51 

)f(HBblX opraHH3MOB B xo.ue HeKOTOpblX reOJlOfHlfeCKHX npoueccos, CB513aHHblX e 

TepMO)lHcpcpy3Heì1 . .6011ee n03)lHHe CBH)leTeJlbCTBa (3,7 M11p.1l JleT Ha3a.U) OCHOBa

Hbl Ha H3YtfeHHH He TOJlbKO H30TOnHoro COCTaBa yr11epo.ua, HO H .upyrHx 3JleMeH

TOB. Bep051THOCTb n051BJleHH51 TaKoro H30TOnHoro COCTaBa 6e3 YtfaCTH51 )f(HBbIX 

cymeCTB Ol.feHb MaJla. 3TH CBH)leTeJlbCTBa )lOCTaTO'-IHO Ha)le)f(Hbl. 

Mo)f(HO ClfHTaTb .uocTosepHbIM, '-ITO 3 ,5 M11p.u 11eT HaJa.u )f(H3Hh ~e 6hrna. 

EcTb )la)f(e OKaMeHeBWHe MHKpOOpraHH3Mbl, CJle)lbl )f(l13He)le51TeJlhHOCTH B BH)le 

CJlOHCTblX .113BeCTKOBblX Han11aCTOBaHHH CJlO)f(HOH cpopMbl , KOTOphie Ha3bIBa!OT

C51 cTpoMaTOJlHTaMH . Boo6me )f(e y )f(HBOH KJleTKH, TaKoì1 KaK 6aKTepHa11hHa51, s 

npHHl{Hne, He 01.feHh MHOro B03M0)f(H0CTeH coxpaHHTbC51 B HCKOnaeMOM co

CT051HHH . Haxo.uKH caMbIX .upeBHHX MHKpOOpraHH3MOB O'-leHb pe.UKH . MHoro-

1.fHCJleHHbie OCTaTKH MHKpOOpraHH3MOB Ha'-IHHa!OT BCTPe'-laThC51 ropa3)l0 Il03)f(e, 

Kor.ua HX CTaHOBHTC51 MHOro H pa3HhlX. A OKaMeHeJlOCTeH, OTHOC5111{HXC51 K ap

xeHCKOH 3pe, KOTOpa51 3aKOH'-IHJlaCb 2,5 M11p.1l JleT HaJa)l, He TaK MHOro. 

Tipe)f()le 1.feM Mb! 6y.ueM rosopHTb o cnOHTaHHblX npHpO)lHblX cpH3HKO

XHMH1.feCKHX npoueccax, KOTOpbie MOfJlH 6bJ npHBeCTH K B03HHKHOBeHHIO 

npe.uwecT'BeHHHKOB )f(HBhIX KJleTOK, Mbl o6paTHMC51 K H)le51M 30-70-JleTHeH .uas

HOCTH OTHOCHTeJlbHO npoueccoB eme 6011ee )laJleKHX, nO-BH)lHMOMy, HMeBWHX 

MeCTO Ha 3eMJle 6011ee 3-x M11P.1l JleT Ha3a)l. Pe'-lb nOH)leT He TOJlbKO o «6HOXH

MH1.feCKOM npe.uonpe.ue11eHHH» n051BJleHH51 )f(HBOro, HO H o 6011ee paHHeM, 6aJO

BOM «cpH3HKO-XHMHlfecKoM, reocpH3H1.feCKOM npe.uonpe.ue11eHHH». MbI onHpaeMC51 

Ha KJlaCCH'-leCKHe Hccne.uosaHH51 H ny611HKaUHH A. 11. OnapHHa, ,A)f(. B. C. Xo11-

.ueì1Ha, .n)f( . .n . .6epHa11a, M. r. PyrreHa, HX noc11e.uosaTe11eì1 . 

PacnpocTPaHeHHbTe B Hay'-IHOM MHpe rHnOTe3hI B03HHKHOBeHH51 )f(HJHH, B 

npHHl{Hne, MO)f(HO OTHeCTH K .UBYM no1151pHblM rpynnaM. 06e XHMHlfeCKHe: O)l

Ha - CTPYKTYPHa51, .upyrM - KHHeTH'-lecKa51. B 06011x c11yqa51x sce Half11HaeT

C5! e Ma11h1x Mo11eKyn, 06pa3y10m11xc51 a611oreHHhIM nyTeM [ 15]. 11 rnnoTe3bI 

3TH )lOTIOilH51!0T .Upyr .Upyra. 
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0)lHl1 fl1ITOTe3bI ITOJiara!OT, qTO 11CXO)lHO, MHHYH 3BOJIIOU110HHblH OT6op B 

COCTaBe CJIO)f(HOH 6110MaKpOMOJieKyJIHpHOH Cl1CTeMbl, Cllyr-taìùw o6p330BaJICH 

HOCl1TeJib HacJie)lCTBeHHOH 11HcpOpMau1111 - «lllTaMrn> (perrJil1KaTop KpyrrHaH 

MOJieKyJia), crroco6HbIH K caMosocrrpo113se)leH1110 (Harrp11Mep, )J,HK 11JI11 PHK). 

fl1ITOTe3a «6eJIOK - OCHOBa )f(l13Hl1» 11MeeT l1CKJI10q11TeJibHO HCTOp11qecKy10 

ueHHOCTb, ITOCKOJibKY MaTep11aJibHO He IIO)l)lep)f(11BaeT cpyHKU11!0 HacJie)lCT

BeHHOfO KOHcepsaT113Ma. )J,HK - «xpaH11TeJih» 11HcTpyKu11H. o CHHTe3e 6en

KOB, KOTOpbie, O)lHaKO, HeJib3ll 11CITOJIHHTb 6e3 yqacTl1ll Tex )f(e 6eJIKOB. 11 XOTH 

)J,HK - «CaMaH rnaBHaH MOJieKyna», BOrrpoc, KaKaH )f(e 113 MOJieKyJI «rnaBHee», 

OCTaeTCH 6e3 OTBeTa. 0TBeT H He Hy)f(eH, ITOCKOJibKY CTOJlb )f(e 6eCCMb!CJleHeH, 

KaK 11 OTBeT Ha Borrpoc, qTO Ba)f(Hee B KOMITb!OTepe: «xap)l» 111111 «COcpT>>. 

CornacHo ilpyr11M r11rroTe3aM, BHaqa11e <GaKpyT1111cH» MeTa6oJil13M, B rrpo

uecce KOToporo Ma11b1e MOJieKy11b1 o6p33osaJI11 ceTb x11M11qecK11x peaKu:11H. -

MeTa601mqecK11e u11K11b1. Kor)la ccpopM11posa11acb 3eMJIH, TO B ee rrosepxHOCT

HhIX 0611acrnx (aTMOCcpepe, Jll1TOCcpepe, f11)lpoccpepe) HaqaJ111Cb BCeB03M0)f(Hble 

Xl1M11qecK11e rrpouecCbl, CTa1111 B03HHKaTb KpyrOBOpOTbl, 113 KOCMOCa rrpO)lOJl

)f(aJil1 rra)laTb cpparMeHTbl rrpoTOITJlaHeTHOfO 0611aKa, qTO-TO ITO)lHl1MaJIOCb 113 

Heilp, qTo-TO KpYT11110Cb B rreps11qHoì1. aTMoccpepe. HeopraH11qecK11e coe)l11He

HID1 BcryrraJil1 B Xl1M11qecK11e peaKU1111, lliJ111 pa3H006pa3Hb!e Xl1M11qeCKHe rrpe

BpameHHH. Ha 3TOM }Tarre MOr11a B03HHKHYTb CBOeo6pa3HaH KOHKypeHUHH 3a 

cy6cTpaT, CBoero po)la XHM11qecKHH ecTeCTBeHHhlH OT6op Me)f()ly p33JIHqHbIMH 

x11M11qecK11M11 rrpoueccaMH. Ilo6e)f()laeT rn peaKUHH, KOTopaH 11)leT 6b!crpee, a 

6bICTpee 11)leT Ta peaKUHH, y KOTOpoH. HaH)leTCH xopowHH KaTaJlH3aTOp. TaK BOT, 

HeKOTOpbie opraHH4eCKl1e MOJleKyJlbl 0611a)la!OT CBOHCTBaM11 Cl1JlbHbIX KaTa1111-

3aTopoB. 11 eCJIH y)JaYHO CJlO)f(aTCH o6CTOHTeJlbCTBa, TO MO)f(eT B03HHKHYTb TaK 

Ha3bIBaeMblH aBTOKaTa1111T11qecKl1H UHKJl - 3TO, rro CYTl1 )leJia, u:errHaH peaK

UHH, KOTOpaH KaTaJIH311pyeTCH 3a CYeT co6crneHHOfO rrpo)lyKTa. 

Ilpe)lITOJlaraeTCH, YTO rrepB11YHbie MeTa60Jil1YeCKl1e U11KJlbl ycJIO)f(Hl!Jll1Cb 

11 cu:errJIHJIHCb e coce)lH11Ml1, COCTaBJIHH COBMeCTHO Hl13KOMOJleKy11HpHy!O rra

Ml!Tb. B rrepBOM CJly<tae peYb 11)leT o cocpe)lOToqeHHOM HOCHTe11e Hac11e)lCT

BeHHOH rraMHTH, BO BTOpOM - o pacrrpe)leJleHHOM. PaHee 11)le!O o «pacrrpe)le

JieHHOH rraMHTl1» B caMOM o6meM Bl1ile rrpe)lJlO)f(HJl A. H . 3a11K11H [ 16]. 11M 

6hIJIO BblCKa3aHO )]OCTaTOYHO rrapa)]OKCaJibHOe coo6pa)f(eH11e o TOM, qTO B 

611011or11YeCKl1X Cl1CTeMaX B pacrrpe)leJleHHOH aKTHBHOH cpe)]e B03MOlKHa MOp

cpoJior11qecK11 He)]eTepMHHHpOBaHHaH CBH3b rrocpe)lCTBOM 11HcpOpMaUHOHHbIX 

B3al1MO)]eHCTBHH. 

Teop1111, rrpe)]rro11ara10m11e, YTO «BHaYa11e. 6hIJI perr1111KaTop», )lOJI)f(HhI 

o6bHCH11Th, KaK CTOJlb CJlOlKHaH MOJleKy11a MOrna CITOHTaHHO B03HHKHYTb H 

3BOJIIOU:110HHpOBaTb B OTHOCHTeJibHO rrpOCTOH CHCTeMe 6e3 yqacTl1ll B ecTeCT

BeHHOM OT6ope B KaqecTBe KOMITOHeHTa CJIO)f(HOH Cl1CTeMbl. TaKoro po)]a Teo

peT11qecK11e ITOITbITKl1, 3cpcpeKTHbie, HO He 3asepllleHHbie }KCrrepHMeHTaJibHO, 

6bIJIH rrpe)lrrp11HHTbI M. 3H.reHoM 11 .ero rrocJie)loBaTeJIHMl:I ( «r11rrepu:11KJihI») 

[ 17, 18]. Bepc1:111, YTBep)f()]a10m1:1e, qrn «BHaYa11e 6bIJI Mern60111:13M», ilOJI)f(HhI 
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noKa3aTh, 1-ITO Ha nepso6bITHOH 3eM11e cymecrsosam1 rrpennocbrnK11 nm1 06pa-

1osaH11H 11 rronnep)!(aHirn x11M11YecK11x cereti, crroco6HhIX K pacnmpeH111-0 11 

3B011!0L(l111. 06a coo6pa)!(eH115! COOTBeTCTBYl-OT «Xl1Ml1K0-611011or11YeCKOH» Bep

Cl111, rrp11HHOH NASA (HACA - Hau110HaJihHOe yrrpasJieH11e CWA rro a3po

Hasr11Ke 11 l1CCJienosaHl1!0 KOCMl1YeCKOfO npocTpaHCTBa): (()Kl13Hh - 3TO ca

MOnonnep)!(11Bal-Oll(a51C5! Xl1Ml14eCKaH Cl1CTeMa, nonsep)!(eHHa51 napB11HOBCKOMY 

or6opy». YBhI, B 3TOM orrpeneJieH11l1 rnaseHCTBYl-OT BHelllHH:e rrpoHs11eH115I, a He 

rrpl1HL(l1llbl l1 L(Bl1)!(Yll(l1e Cl111bl 6l10110fl14eCKOH 3BOJ!IOL(l111. 

CTepsoHaYa11bHhie 3TarrhI no6H:o11or11YecKott 3BOJil-0Ul1l1, no sceti Bl1Lll1MO

CTl1, 6hIJ111 CBH3aHbl e cpl13l1YeCKl1Ml1 l1 cpl13l1KO-Xl1Ml1YeCKl1Ml1 OCHOBaMl1 a6H:O

reHHOH caMoopraHl13al(l1l1. <l>l13!1YeCKl1e rrpl1HL(l1llbl HMel-OT B naHHOM CJiyYae 

6oJiee 06m11i1 xapaKTep, He)!(e1111 l1X KOHKpeTHble Xl1MJ1YeCKl1e BOllJ!Oll(eHHll. 

B HacToRmeti rnase, HapHny e ll111p0Ko 06cy)!(naeMhIM11 x11Ml1'-leCKl1M11 rronxo

naMl1, Ha OCHOBaHl111 l13BeCTHb!X 3KCnep11MeHTOB 11 r11n0Te3, a TaK)!(e co6cT

BeHHhlX 11CCJienosaHl1H aBTOpbl l13Jlara!OT HeKOTOpbie coo6pa)!(eHl15! o cp113l14e

CKl1X acrreKTax B03Hl1KHOBeHJ15! rrpenllleCTBeHHl1KOB )!(J1Bb!X K11eTOK. 

0nHoi1 l13 cp113l1YeCKl1X rrpo6JieM B03Hl1KHOBeHJ151 )!(llBhlX Cl1CTeM 5!BJI51eTC5! 

rrpo6JieMa B03Hl1KHOBeHl151 l1HcpOpMal(l1l1: 6b!Jl 111.f BbI6op pellleHHH Ha Ba)!(

HeHlll11X CTaL(l15!X rrpen611011or11YeCKOH 3BOJ!IOL(l1l1 CJlyYaHHblM 11Jll1 npenorrpe

ne11eHHh!M. B nepsoM c11yYae l1HcpopMau11H c03nasaJiacb s npouecce 3BOJIJO

l\l1l1, BO BTOpOM - peaJIJ130Ba11acb l1HcpopMal(l15!, Heue11eHanpas11eHHO 3aJIO

)!(eHHa51 ( cKpb1Ta5!) B He)!(l1BOH Cl1CTeMe. Bbl5!BJieH11e cpaKTopos ce11eKT11BHoro 

npel1Myll(eCTBa l1 MexaHJ13MOB l1X nei1CTB115! B npen6110110fl14eCKl1X CllCTeMax 

Ha pa3Hb!X CTaL(l15!X 3B011!0L(l1l1 ll03B01111T OTBeTl1Tb Ha 3TOT sonpoc. 

,[(1151 pellleHl15! rrpo6JieM, CB5!3aHHbIX e B03Hl1KHOBeHl1eM rrpenllleCTBeHHl1-

KOB KJieTOK, 0611ana1-0ll(l1X He06XOL(l1MbIM Ha6opoM CBOHCTB )!(l1Bb!X K11eTOK -

L(l1CKpeTHOCThl-O, HepaBHOBeCHOCTh!O, onpeneJieHHhIM HOHHhlM COCTaBOM, Xl1-

pa11bHOH 411CTOTOH 6e11KOB, caxapoB 11 1111lll1L(OB, anrrapaTOM KOHBap11aHTHOfO 

Marpl1'-1HOfO Cl1HTe3a, crroco6HOCTbl-O K caMOBOCllp0113BeneHl11-0, B036ynl1MO

CTbl-O 11 nonBl1)!(HOCThIO, - Heo6xon11Mo cornacosaHH:e nsyx rronxonos: 3KCT

pano1151u1111 CBOHCTB l13BeCTHblX HepaBHOBeCHblX CllCTeM Ha Bee 6011ee CJ!O)!(

Hb!e l1epapXl14eCKl1e CllCTeMbl 11 peKOHCTPYKUl1l1 B03MO)!(H0ro nyrl1 3BOJ!l-OL(l111 

Hal16011ee rrpOCTblX )!(l.fBhIX Cl1CTeM 11 l1X llOL(CllCTeM. Tip11 L(Bl1)!(eH l111 «CH113Y», 

T. e. OT reOX11Ml1YeCKl1X Cl1CTeM K 6110Xl1Ml1'-1eCKHM, He06XOL(l1MO Bhl51CH11Th, 

KaK11e llMeHHO Cl1CTeMbl 0611ana1111 CBOHCTBaM11, L(OCTaTOYHblMl1 ):(1151 B03Hl1KHO

BeHl151 rrpenllleCTBeHH11KOB K11eTOK. Tip11 L(Bl1)!(eHHl1 «CBepxy» - KaK11e CBOH

CTBa Cl1CTeM 6b!Jll1 He06XOL(l1Mbl ):(1151 peaJ1113al(l111 Toro 111111 l1HOro nyT11 3BOJ!IO

L(l1l1 npo6110HTOB. TaKl1M o6pa30M, Moryr 6hITh rroJiyYeHhI Heo6xoòuMble u 

òocmamO'IHble ycJZ06UR B03Hl1KHOBeHl15! npenweCTBeHHl1KOB K11eTOK. 

Orry61111KosaHHaH B 1924 r. KH11ra A. H. Orrap11Ha «B03HHKHOBeH11e )!(113-

Hl1 Ha 3eM11e» CTl1MY11l1pOBa11a 11HTepec yYeHbIX K npo6JieMaM np011CX0)!(L(eHl15! 

)!(113HH l1 a611oreHHoro Cl1HTe3a. Ilpo611eMaMl1 a611oreHHoro Cl1HTe3a 3aHH:Ma11-

C5! aKaneMHK A. H. Eax, COTPYLlHl1KaM KOToporo yna11och rroKa3aTh, 4TO s pe-
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aKI.UUIX cpopMaJib)lertt)la e uttaHH)lOM Moryr o6pa30BbJBaTbC51 aMHHOKHCJIOThI, 

KOTOpb!e 3aTeM KOH)leHCHpyIOTCH e o6pa3oBaHHeM OJIHro- H TIOJIHTieTITH)lOB. Ho 

oco6eHHO ycrreWHhJMH 6hIJIH cepHH 3KCnepttMeHTOB, npoBe)leHHbJe B Ha'-lane 

1950-x rr. C. MttnnepoM, 6hrnwero Torna acnttpaHTOM H3BeCTHoro cptt3XHMHKa 

f. K. fOptt, H06eneBCKOrD naypeaTa. 

B rrepBhIX 3Kcrrep11MeHTax Mttnnepa nptt KopoHHOM 3JieKTptt4eCKOM pa3pH.ue 

B CMectt ra30B NH3, H 2, CH4 H ttacb1ll(eHHoro BOMHOro napa (HMHTttposaswttx 

MOJIHHH 11 .upeBHJOJO aTMOCcpepy), npo.uomKaBWHXC51 HeCKOJihKO )lHeì1, o6pa30Bhl

BaJIHCh aMHHOKHCJIOThl H HeKOTOpbie .upyrtte opraHH'-leCKHe coe)lHHeHH51, xapaK

TepHhie )lJIH cospeMeHHhIX opraHH3MOB. :::htt 3KCnepttMeHThl 6bJJIH 3aTeM MHOrO

KpaTHO H ycneWHO TIOBTOpeHbT B pa3HbTX na6opaTopH51X. I1p11 sapttaUHHX XHMH

'-leCKOro cocrnsa cMectt ( .uo6asneHHl1 HCN, cpopMaJih.Uern.ua, H2S 11 T . .u.) H 

3aMeHe JJieKTptt'-leCKoro pa3pH.ua Ha ynhTpacpttoneT HJIH Ternrosoe B03)leì1cTBHe 

(' Y.llaJIOCh JIOJIY'-!11Th He TOJlhKO aMHHOKHCJIOThl, HO H HeKOTOpbie HyKJieHHOBbJe oc

HOBaHH51, nopcp11pHHhl, caxapa, KOMTIOHeHThl JIHJIH)lOB. K HaCT051ll(eMy speMeHH 

npaKTH'-leCKH BCe OCHOBHble 611onortt'-leCKH BaìKHbie opraHH'-leCKHe coe)lHHeHH51 

6bIJIH TIOJTY'-!eHbT B JTa6opaTOpHbIX 3KCrrepttMeHTax, MO)leJTHpyIOll(HX ycJIOBH51, 

cywecTBOBaBwtte OKOJTO 4 M1Ip.ll JieT Ha3a)l B pa31IH4HhTX MeCTaX Ha 3eMJie. 

I1o3ìKe, o.uHaKo, 3Ha'-!eHtte JKcnepttMeHTOB MttJTJTepa 6hJJIO nocTasnetto 

TIO)l COMHeHHe. CornacHO reonortt'-leCKHM .uaHHhIM, TIOJIY'-!eHHhlM K 1990-M rr., 
B aTMOCcpepe .upeBHeì1 3eMJIH 6hJJTO MHOro yrneKHCJTOro ra3a, KOTOpblH He BXO

)lHJT B cocTaB ra3osoì1 CMectt B onhnax MttnJTepa. B npttcyTcTBHH C02 CHHTe3 

aMHHOKHCJIOT H3 HeopraHH'-leCKHX ra30B JIOHa'-lany ocymecTBHTh He y.uasa

JIOCh. '.:hy rrpo6neMy CMOrnH rrpeo.uoJTeTh B 2008 r. rrocne.uosaTeJIH MttnJTepa. 

0HH o6ttapyìKHJTH, '-ITO MOJIHHH BCe-TaKH MoryT CTHMYJIHpOBaTb CHHTe3 aMH

HOKHCJIOT B ra3osoì1 cMectt, co.uepìKameì1 COz, ecntt Ty.ua )lo6aBHTh HeKOTOpb1e 

)lOTIOJIHHTeJibHbJe semecTBa, KOTOpbie BJIOJIHe MOrJIH rrpttcyTCTBOBaTb B nep

BH'-IHOH aTMOccpepe. 

0.uHaKO MOJIHHH 6bIJIH )laJieKO He e)lHHCTBeHHhlMH npOH3BO)lHTeJI51MH op

ramIKH Ha .upestteì1 3eMJTe. Ha cero.uHHWHHH .ueHh 113secTHhI eme no Kpaì1Heì1 

Mepe .use Ha.UeìKHhie, peaJihHO pa6ornJOmtte «cpa6pttKH» a611oreHHOì1 opraHH

KJ.i: KOCMOC H rtt.upoTepMaJihHble 11CT04HHKH. CHHTe3 opraHHKH MOr rrpOHCXO

)lHTh B npOTOTIJiaHeTHhIX o6JTaKax, KOTOphie spall(aJIHCh BOKpyr 3Be3)l BTOporo 

rroKoneHH51. Eme .uo Toro, KaK ccpopMttposanttch rrnaHeThI, Ha JTHX pa3p03HeH

HhIX '-!aCTHuax MaTepHH MOr H)lTH CHHTe3 opraHH'-leCKHX coe)lHHeHHH, H 3TO 

npo.ueMOHCTpttposaHo 3KcrrepttMeHTaJihHO. Kmo'-!esyJO pOJTh 3)leCh ttrpaIOT 

'-!aCTHUhl, CO)lepìKall(He HHKeJih, ìKeJie3o H KpeMHHH, OHH pa6oTaJOT KaK KaTa

JIH3aTOpbl, a CHHTe3 opraHHKH H)leT H3 TaKHX semecTB, KaK OKCH)l yrnepo)la, 

yrapHhIH ra3, uttaHHCThltt so.uopo.u. CToKa3atto, '-ITO YìKe B rrpoTonJTaHeTHOM 06-

naKe MOrJIH CHHTe311pOBaThC51 TaKHe coe)lHHeHH51, KaK aMHHOKHCJIOThl HJIH a30-

THCThie OCHOBaHl151, - a 3TO XHMH'-leCKHe OCHOBhI TeX 6ttOTIOJTHMepoB, H3 KO

TOpb!X COCTOHT ìKHBa51 KJieTKa. I1o3TOMy, B rrpHHUHJie, 3eMJI51 MOrna HMeTh He

KOTopoe KOJIH'-leCTBO opraHHKH e caMoro MOMeHTa csoero B03HHKHOBeHH51. 
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PaccMOTp11M nonpo6Hee O!lHY 113 KOCMl1'IeCK11x r11n0Te3. Ilp11Hu11n11anb

Ha5! B03M0)l(H0CTb a611oreHHOro CHHTe3a npOCTeì1w11x opraHl1lJeCKl1X coen11-

HeH11ì1 B ycnOBl15!X npesHett 3eMJ111 ewe He MO)l(eT CBl1)leTeJlbCTBOBaTb 06 o6pa-

30BaHl111 )lOCTaTOlJHOro 11X KOJlHlJeCTBa nm1 nepexona Ha CTanmo KOHKypeHT

HOM TIOJ111Mep113au1111 11 B3al1MO)leìkTBl15! TIOJ111Mepos, 110HOB 11 nepB114HblX 

HeopraHw-1ecK11x KaTanH3aTopos s sonHoì1 cpene. Pa3yMeeTC5!, pe'lb )lOJl)l(Ha 

11)lTl1 o JlOKaJlbHbIX HX KOHUeHTpaum1x, npeBbIWa10m11x noporOBble, Ml1Hl1-

MaJlbHO Heo6XO)lHMbie. CosepweHHO He O'leBl1)lHO, 'ITO OTHOCl1TeJJbHO 6J1113Ka5! 

K pasHosecHbIM ycnos11HM 3eMHa5! cpena Morna 06ecne'!11Tb :no ycnostte. 

B. H. CHbITHl1KOB naeT ouettry KOJJl14ecTBa npocTblX coen11HeH11ì1 C, N, O, 

Heo6xo.n11Moro Jl]]JI a611oreHHoro Cl1HTe3a nepswrnbJX opraH11'!ecK11x coen11He

H11ì1, 11 np11XO)ll1T K BblBO)ly, 'ITO, e y 'leTOM <<BblXO)la», 11X )l0Jl)l(H0 6b!J10 6bl 6bITb 

Ha nop51)l0K 60JlbWe, qeM HMeJJOCb Ha nosepxHOCTH 3eMJJH 11 B ee KOpe [ 19]. 
'Ì Yl TI03TOMY sonpoc 06 a611oreHHOM Cl1HTe3e nepB114HOro npe6110T11'1eCKOro se

mecTBa cKopee scero MO)l(eT Haì1T11 csoe peweHtte KaK acTP0<1J113114ecKaH 11n11 ac

Tpox11M11'!ecKa5! npo6neMa. Y!HblMl1 CJlOBaMl1, aBTOp CTaTbl1, KaK 11 MHOr11e .upyr11e 

11ccne.uosaTen11, ClJ11TaeT YKa3aHH)'IO npo6neMy He nnaHeTapHoì1 (r11n0Te3a Ona

p11Ha- Xon.ueì1Ha) , a KOCM11'lecKoì1 (rnnoTe3a AppeH11yca 11n11 «naHcnepM1111»), 

OTHOCl1T ee e 3eMHOM CTa)ll111 Ha CTa)l11IO cpopM11poBaHl15! nnaHeT. OH Til1WeT, 'ITO 

Jl]]5! Bb!COKOM np0113BO)ll1TeJlbHOCTl1 Cl1HTe3a no611onor11qecKa5! 3BOJ110l(l15! Ha 

nepBb!X Xl1Ml14eCKl1X 3Tanax )l0Jl)l(Ha 6bJJla 6bITb KaTaJJHTHlJeCKOM e BKJ110lJeH11eM 

TBep.uoì1 cpa3bl. ,[(!151 caMoro c11HTe3a npe)lJJO)l(eH peaKrop, no.uo6Hbitt TOMy, KaK 

3Be3)lbl npe.ucrnBJlJIIOT co6oì1 peaICTOpbl Cl1HTe3a Xl1Ml14eCK11X 3JleMeHTOB. 

06naCTl1 pa3Bl1Tl151 rpaBHTal(l10HHblX HeycTOM411BOCTeì1 6b!J111, npe.unono

)l(l1TeJJbHO, MeCTOM 3apO)l()leHl151 KpyTIHbIX, MHOfOKHJlOMeTpOBbIX nepB114HblX 

Ten 11 npoTonnaHeT. BMecTe e TeM B 3THX crycTKax e no.usm1rnoì1 Tsepnoì1 cpa-

30tt MOr ocymecTBJl5!TbC51 KaTaJ111Tl1lJeCKl1M a611oreHHblH Cl1HTe3 opraHH'leCKl1X 

coe.u11HeH11ì1. ITpennonaraeTC5!, 'ITO CTa.u11H «acTpoKaTan113a» )lJ15! neps11'!Horo 

a611oreHHOro Cl1HTe3a OCHOBHOM MaCCbl opraHl1lJeCK11X coe.u11HeH11ì1 COOTBeT

CTByeT ::irnny cpopM11posaHHH KpynHbIX Ten B ConHe'IHOtt c11cTeMe. I10CTyn11-

pyeTc5!, 'ITO a611oreHHb!M Cl1HTe3 nepB114Hb!X opraHH'leCKHX coe.u11HeH11ì1 npo

XO)ll1Jl Henocpe.UCTBeHHO np11 cpopM11pOBaHl111 nepB114HblX TeJl 11 rrpOTOTIJJaHeT 

rrp11 pa3Bl1Tl111 rpaBHTal(l10HHOM KOJ1JleICTl1BHOM HeycTOM411BOCTl1 e O)lHOBpe

MeHHbl M 06'be)l11HeH11eM MHO)l(eCTBa MaJlblX Ten. B 3Tl1X crycTKax AasneHtte 

ra3a Ha KaK11e-To npoMe)l(yTKH speMeHl1 11 B 3aBl1CHMOCTl1 OT pacCT051H1151 AO 

npoT03Be3.UbI rrpesb1waeT nec5!TK11 aTMoccpep . B bICOKoe co.uep)l(att11e so.uopo.ua 

11 reJJ115! orpaHl1411BaJlO TIOBbJWeH11e TeMrrepaTypbl B BOJlHe, TaK KaK 3Tl1 ra3bl 

06na.ua10T Bb!COKOH TennonpOBOAHOCTblO. bOJlbWOe KOJ1114eCTBO renm1 ( CBb!We 

20 %) 06ecne411saJJO TIOCTaBKY 3Heprn11 AJ151 3H.UOTepM11lJeCKHX peaKL{l1M 11 

CHl1Mano Tenno 3K30TepM114eCK11X peaKL{l1H. BonHa .ueì1CTBOBaJJa KaK Xl1M114e

CKl1M peaKrop, aHanorn'IHbitt no T11ny npoMbiwneHHbIM peaKropaM e «rrces.uo

O)l(H)l(eHHblM» KaTaJJH3aTOpOM. 3To OA11H 113 caMbIX ::icpcpeICTl1BHblX, HO BMeCTe e 

TeM CJJO)l(HbIX B 3KCnnyaTal.{1111 Tl11l0B npOMblWJleHHblX peaICTopos. 
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)J,anhtterrwa.11 3sorrIOu;11.11 semecTsa rrpe,ncTasrr.11eTc.11 crre,nyIOmerr . Tip11 yse

rrw1emrn Macchi opratt111-1ecK11x coe.n11tteH11rr sorrtta crroco6tta 6hrna Korrrrarrc11-

posaTh B crycTOK semecrna. B 6rrm1rnerr K CorrHii:y 30tte crycToK .nsttrarrc.11, Te

p.11.11 so.nopo.n, rerrttrr 11 rrerKyIO opratt11Ky rro.n .nerrCTBtteM corrtte4HOro seTpa H 

113rryqett11.11. B .narrhHerr 30He o6pa3yIOmttec.11 xorro.ntth1e rrrratteThI coxpaH.l!JIH 3Tl1 

ra3hI, scryrra.11 B reorrorttqecryIO mm, rrp11 rro.nxo.n.11mttx ycrros11.11x, B reo6ttorro

r11qecKyIO 3BOIIIOl\HIO. Octtostta.11 Macca opratttt4eCKoro semecTBa H MeTatta 113 

30HhI rrepB114ttoro cttHTe3a pmpywarrach, rrorra.na.11 Ha Corrttu;e 11 pmse11sa.11ch B 

KOCMOCe. 0,nHaKO T.ll)KeJlhJe H CJIO)KHh!e opraHttt!eCKHe coe,nttHeHH.ll rrp11 HCXOA

HO 60JihlllOH csoerr KOHU:eHTpaU:HH MOrIIH coxpaHHThC.ll H CTaTb OCHOBOH AJI.ll 

B03HHKHOBeHtt.ll 611orrorttqecKoro coo6meCTsa. A oT6op semecTB Ha x11M114e

cKorr CTa):(HH MOr rrp011CXOAHTb He TOJ!bKO B o6b!4Hh!X 3eMHbIX ycrrOB11.l!X, HO H B 

KOCMoce. Crre.nh1 3Tttx rrpou;eccos crre.nyeT ttcKaTh Ha MeTeopttTax 11 acTepott-

n .nax, Ha CITYTHHKaX rrJJaHeT, TaM, r.ne He 6hIJIO reonortt4eCKOH 3BOJIIOU:HH. 

)J,errcTBHTeJibHO, B rrpe.ncTasrreHtt.l!X acTpoKaTaJ1113a, He.l!BHO rrpe.nrrorra

raIOmero caMoopraHH3al(HIO peaK1(110HHOtt cpe,nbl e aBTOKaTaJJH30M, .nattHa.ll 

sepctt.ll Cl1HTe3a 11CXOAHb!X opraHl14eCKHX coe,n11HeHHtt, Hap.11.ny e .npyrttMH, 

rrpe.ncTaBJI.lleTC.ll 3aCJIY)Kl1BaIOmerr BHl1MaHl1.ll, 0,L(HaKO sorrpoc OTHOCl1TeJibHO 

rryTett 11X AOCTaBKH B 3eMHb!e «.napBHHOBCKHe JIY)KH)) OCTaeTC.ll ,naJJeKO He .l!C

Hb!M. OH TOT JKe, 4TO tt .nrr.11 rrpou:eccos «xorro.nHoro» 3eMHoro c11HTe3a: «KaK 

rrpottCXOAHT KOHU:eHTp11posatttte 11 <j)paKl(HOHttpoBaHtte 11CXOAHb!X opraHtt4e

CKHX coe,nttHeH11tt?» 

Cpe.n111 Tpex rnnos 61-10MaKpoMoneKyn, 111Me10U,\lilX 6lilonorn4eCKYIO ocMb1cneH

HOCTb B nocneAOBaTeJ!bHOCT5lX aM!-lHOKlilcnOT B 6enKax HJ!lil HyKJieOTl!IAOB B ,IJ,HK 
111 PHK, HaH6onee 04€BlilAHbl npyKTYPHb1e, KaTanlilrn4eCKHe 111nH 3Hepronpeo6-

pa3ylOU,\lile cj:JyHKL(Hlil 6enKOB. LJTO KacaeTC.ll MaKpOMOJ!eKyn.llpHblX xpaHHTenei:1 lii 

nepeHOC4HKOB 6HOnOrlil4€CKOi:1 lilHcj:JOpMal(l!IH, TO cneAyeT KOHCTarnposaTb, 4TO 

,IJ,HK 6onee yaoi:141i1Ba, 4eM PHK, 6onee noAXOAHT Ha ponb xpaHlilTen51 lilHcj:JOpMa

Ulillil lii AOIIbWe >KlilBeT, a PHK - MoneKyna HeAonrose4Ha5l, oco6eHHO npH BblCO

KlilX TeMnepaTypax. PHK - MoneKyna XHMlil4eCKlil aKrnBHa5l : oHa aKTl!IBHO cso

pa41i1BaeTrn B pa3Hble TpexMepHble KOHCTPYKUlilH, snynaeT B peaKL(lillil, B TOM 

. 4lilcne KaK KaTanH3aTOp. A ,IJ,HK - HHepTHa5l MOJ!eKyna, xorn OCHOBa Ta >Ke -

nocneAOBaTeJ!bHOCTb HyKJieOTlllAOB. no3TOMy, B npHHL(Hne, MO>KHO npeACTaBlilTb, 

4TO MOJ!eKyJibl ,IJ,HK H3Ha4aJibHO 803HHKJ!lil KaK HeKa5l KOHCepsarnBHa5l CTaAH5l 

s >Klil3HeHHOM UHKne PHK. 

6onee nonyseKa H38€CTHO, 4TO ,IJ,HK - xpaHlilT€Jlb H HOClilT€J!b nepBH4HOi:1 HH

cj:JopMal(HH o 6enKax H 4epe3 HlilX - o KneTKax lii opraHH3Max. PHK BblnOJIH5leT 

ponb nocpeAHHKa Me>KAy ,IJ,HK lii 6enKaMlil, T. e. reHern4ecKa5l HHcj:JOpMaUH5! ne

penlilcb1saeTrn e ,IJ,HK Ha PHK, a nornM PHK cny>KlilT MaTpliluei:1 AJI5l ClilHTe3a 

6enKa. B03HHKaeT sonpoc: 3a4eM soo6U,\e HY>KHa PHK, ecnH MO>KHO 6b1no 6b1 

cpa3y Ha OCHOBe ,IJ,HK CTpOHTb 6enoK. e XlilMlil4€CKOi:1 T04Klil 3peHH5l OHlil noxo

>KH. B npHHUlilne, MO>KHO soo6pa31i1Tb opraHlil3M, s KOTopoM HeT PHK, a rnnbKO 

,IJ,HK H 6enKH, HO TaKlilX KJieT04HblX cj:JopM >Klil3Hlil B npHpOAe He cyU,\ecrnyeT. 
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C 80-X rr. npOillJIOI'O BeKa, KOU\a 6b!JIH OTKphIThI KaTaJU-fTIIqecKIIe CÌJYHK

UIIII PHK, 3TOT KJJacc MOJJeKyJJ cTaJJ cqttTaThC51 KaH,llII,llaToM Ha poJJh «nepsoì1 

MOJJeKyJJhl lKII3Hl:I». 

0Ka3anocb, 4TO HeKoTOpb1e MoneKynb1 PHK MOryT cpaKrn4ecK11 3aMeHmb 6enK11, 

BblnOnHHTb <l>YHKL.\1111 cpepMeHTOB. (Tano HCHO, 4TO reopern4eCKl1 B03MO>KeH op

raHl13M, s KOTOpoM HeT HH 6enKOB, H11 ,l\HK, a ecrb rnnbKO PHK. To, 4TO PHK Mo

>KeT 3aMeH11Tb ,l\HK, H paHbwe 6b1no 113secrHo, nornMy 4TO 6b1n1-1 113BeCTHbl PHK

s11pycb1, T. e. B11pyCbl, y KOTOpblX xpaH11TeneM Hacne,D,CTBeHHOCi 11Hct>opMal.\1111 cny
>Kl1T PHK. nonyqanocb, 4TO PHK MOryT 3aMeHl1Tb co6oei 11 ,l\HK, 11 6enKl1. noKa3a

nocb, 4TO Ha onpe,D,eneHHOM 3Tane >Kl13Hb Marna COCTOHTb 113 PHK-opraHl13MOB. 

CKopee scero, nepBhIMII penJJIIKaTopaMII ,llettcTBIITeJJhHO 6hIJJII MOJJeKyJJhI 

PHK, KaTaJJII3IIPYJOil!IIe CIIHTe3 co6CTBeHHhIX Kon11f! . CymeCTsyeT ,D,aJKe 06-

mee noH.11T11e «MHp PHK». 

113 OCTaB!lIHXC51 3ara,D,OK KJJJOqesoe 3HaqeHIIe HMeeT npo6JJeMa Il051BJJeHII51 y 

MOJJeeyJJ PHK cnoco6HocTII K caMosocnpoH3se,1:1eHIIJO. 0 ,llHaKo II 3Ta npo6JJeMa 

IlOCTeneHHO pe!liaeTC51 B XO,lle MO,lleJJhHblX 3KcnepIIMeHTOB. Qqepe,llHOtt BalKHhltt 

Illar B 3TOM HanpasJJeHHII c,1:1eJJaJJII TpettcII J111HKOJJhH 11 )J,JKepaJJh.Ll )J,JKottc II3 

ClliA. l1cCJJe,lloBaTeJUIM y.uaJJOCh no.uo6paTh HeCKOJJhKO nap MOJJeeyJJ PHK e Karn

JJIIT11qecKoì1 aKTHBHOCThlO (p11603IIMOB), KOTOphie ycne11rno penJJHUHpyJOT (CHHTe-

311py10T Kon1111) .upyr .upyra. B pe3yJJhrnTe rnKOH B3aHMHOtt penJJ11Kau1111 nonyJJ.11-

UH.11 p1160311MOB MOlKeT paCTH B reoMeTPWieCKOtt nporpecCIIH CKOJJb yro,UHO ,UOJJ

ro - .LlJJ5I 3TOfO HYJKHO TOJJhKO 11cnpaBHO CHa6:>KaTb pacrymyJO nonyn.llUHID 

Heo6XO,Ul1Mb!Ml1 «pecypcaMH», T. e . l1CXO,UHb1Ml1 MaTep11aJJaM11 ,UJUI CHHTe3a HOBb!X 

MOJJeeyJJ PHK. B .uaHHOM CJJyqae npouecc 11.ueT 6 e 3 yqacTII51 6eJJKOBhIX cpepMeH

TOB. E,UHHCTBeHHOe, qTQ He n03BOJUleT Ha3BaTh 3TOT pe3yJJhTaT OKOHqaTeJJhHblM 

pelllem1eM rrpo6JJeMhI caMosocnpoH3se.ueHl151 PHK, - 3TO npIIpo.ua cy6cTParn. 

Pa3MHOJKaIDll]IIeC51 naphl p11603IIMOB He MOf YT 11CilOJJb 30BaTh B Kaqe CTBe IICXO,UHO

ro MaTep11aJJa ,UJJ.11 c6opK11 HOBhIX MOJJeKyn PHK OT,UeJJhHhi e p1160HYKJJeOTH,Uh1 : 

OHH noKa YMeJOT pa6oTaTh · JJHillh e OJJ11rottyKJJeOTII,UaMH, T. e. e ,llOBOJJhHO ,UJIHH

HhIMH cpparMeHTaMII PHK, cocrn.11m11M11 II3 MHOrIIx p1160HyKJJeOTII.UOB. 

,[\o )--le,D,aBHero speMeHl1 cyw,eCTBOBan pa3pb1B B HaweM 3HaH1111 OTHOCl1TenbHO 

cpe,D,Heilt cpe,D,11 Tpex ycnOBHblX CTa,D,11Ci B03Hl1KHOBeHl1H )f(l13Hl1 Ha 3eMne eCTeCT

BeHHblM nyreM - CTa,D,1111 Me)f(,ll,y npe,D,611onor114eCKOCi (MoneKynHpHO-Xl1Ml14eCKOCi) 

11 611onor114ecK0Ci (KneT04HOCi) cra,D,11HMl1. Ceeiqac noHB11nacb B03MO)f(HOCTb 113y-

411Tb B MO,D,enbHblX 3Kcnep11MeHTax CTa,D,11IO B03Hl1KHOBeHl1H Henocpe,D,CTBeHHblX 

npe,D,wecrseHHl1KOB KneTOK. B Pocrn11 11 CWA s HaCTo5lw,ee speM5l se,D,yrrn pa60Tb1 

no C03,D,aHl1IO 11CKYCCTBeHHblX npOTOKneTOK, ny3b1pbKOB e n11n11,D,HOCi o6on04KOCi, 

cnoco6Hb1X nornow,aTb HyKneOT11,ll,bl H3 0Kpy)f(a10w,eCi cpeAbl 11 ocyw,ecrsnmb pen

n11Kal.\1110 PHK 11n11 L\f:-!K, ocyw,ecrsnmb sa>KHeCiw11e MeTa6on114ecK11e npol.\eCcb1, 

npo[.\eccb1 cpepMeHTaT11BHoro npeo6pa3osaH115l 3Hepr1111 11 6110C11HTe3a. 

B 6ecnepcneKT!1BHOtt ,[(IICKYCCIIII xx B. OTHOCIITeJihHO «CaMOtt rnaBHOtt 

MOJJeKyJJhI» npaB OKa3aJJC51 <DpII,l:lpIIX 3ttr eJihC, HO He IlOTOMy, qTo ero He CO-
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aceM TOlJHO UHTHpoaa1111 ( «6eJJOK - OCHOaa )!(113Hl1» ), a fJOTOMy, lJTO, cornacHO 

HaYCJHbIM rrpe.ncTaBJJeHl1HM ero apeMeHl1, rrpoTOITJJa3Ma KJJeTOK 11 eCTb 6eJJOK. 

Cae.neH11H o 6e11Kax-rro1111rrerrT11.nax rr0Hs111111cb MHoro IT03)!(e . )l{113Hb ecTb c11c

TeMa MHO)!(eCTaa COCTaaJJHIOIU11X ee 11 Cl1HepreTH"lJeCKl1 B3al1MO.[leHCTBYIOIU11X 

KOMIIOHeHTOB. A611oreHHblH CHHTe3 rrpOCTbIX opraHl1lJeCKl1X aemecTB -

«CTPOl1TeJJbHbIX 6JJOKOB» ,ll,JJH 6011ee CJJO)!(Hb!X coe.n11HeH11ì1, TaKl1X KaK 6eJJKl1 11 

HYKJie11HOBb1e K11CJJOTbI , - y)!(e He rrpe.ncTaa11HeTCH rrpo6neMoì1. AM11HOK11cno

Tbl ( COCTaaHble lJaCTl1 6eJJKOa ), a30Tl1CTbie OCHOaaHHH 11 caxapa ( COCTaBHbJe 

CJaCTl1 HYKJJeOTl1.[IOa, 113 KOTOpbIX COCTOHT HYKJJel1HOabJe Kl1CJ10Tbl), a TaK)!(e 

.npyr11e aa)!(Hble MOJJeKyJJbl MOrJJl1 Cl1HTe311poaaTbCH a611oreHHO HeCKOJJbK11M11 

pa3HbIMl1 crroco6aM11. Tpy.nHo rrpe.ncrnal1Tb ce6e, KaKHM o6pa30M KOHUeHTPl1-

poaan11cb rrpe.nwecTaeHHl1Kl1 6110MOJJeKyJI a rrpOTOKJJeTKax, ITOH51Tb, KaK 113 

3TJ1X 6JIOKOB MOI'J111 caMl1 co6oì1 co6paTbCH rrepabie peITJil1KaTOpbl - MOJieKyJibl 

11Jll1 KOMITJJeKCbl MOJJeKyJJ, crroco6Hble K caMoaocrrpo113ae.neHJ110, KaKl1M o6pa-

30M caMOOpraHl130aaJJOCb 11X KOJJJJeKTl1BHOe rroae.D,eH11e, ITOJ10)!(11awee Hal.JaJJO 

c11M6110T11LJecK0My 3arrycKy 611oc11HTe3a 11 MeTa6on113Ma. EcTecTaeHHee rrpe.n

cTaa11Tb a03HHKHOBeH11e cospeMeHHOH «Tl1ITOaOì1» KJieTKH B KalJeCTae pe3yJib

TaTa KOJJJJeKTl1aHOf0 TBOp4eCTBa aHCaM6JIH pa3H006pa3Hb!X rrpOTOKJJeTOK Ha 

rrepexo.D,HOM 3TaITe K 611011or111.JeCKOH 3aOJJIOU1111, He)!(eJil1 caMOOpraHl13aUHIO 

aHYTPl1 o.nHoì1 rpynrrb1 11n11 rpyrrrrhI o.n11HaKOBbIX rrpe.nwecTseHHHKoa. 

113 caMbIX 06m11x coo6pa)!(eH11ì1 Mb! MO)!(eM rrpe.nrro11araTb, 4TO ace )!(11aoe Ha 

3eMJie IIp011CXO.[IHT OT e.[IHH006pa3HOH 11CXO,ll,HOH IIOII)'JIHU1111 KJleTOK. flpe)!(.Lle ace

ro rroToMy, 1.JTO )!(113Hb 11MeeT KJJeTOl.JHbre cpopMbI, no aceì1 611occpepe 3eMJJH cyrue

cTByeT o.n11H 11 TOT )!(e reHeT111.JeCK11ì1 KO.li., o;:urnaKoabI p116ocoMbI, TPaHcrropTHbie 

PHK, rro.no6HbI ocHoaHbJe MeTa6011111.JecK11e ITyTH y scex cpopM )!(113Hl1, a o6MeH 

reHaMl1, KOTOpbIH ceroNrn pacrrpOCTPaHeH a M11pe 6aKTep11ì1, - Ba)!(Heì1wee caoì1-

CTao )!(J13Hl1 c caMoro ee Ha4aJJa. CKoHCTPYJ1POaaHo .D,a)!(e 11MH .LIJlH rnrroTeTHl.JeCKo

ro o6mero rrpe.nKa acero )!(11Boro - rroc11e.nHero ytt11aepcaJibHoro o6mero rrpe.nKa 

apxe6aKTep11ì1 (apxeì1), 6aKTep11ì1 11 3yKap110T. 3rnT rrpe.noK - JlYKa (LUCA, OT 

aHrn. fast universal common ancestor) - .LlaJJ .nae aeTa11 ITOTOMKOB - 6aKTep11:ì1 11 

apxeì1. OT fJOCJJe.D,Heì1 BeTal1, 11CITOJ1b3Y51 a03M0)!(HOCTl1 Cl1M61103a, OT.[leJJ11JiaCb Jll1-

HHH H,nepHbIX opraHl13MOa, 3yKap110T. ITpe.nrro110)!(11TeJJbHO, H.D,epHbie opraHl13MbI 

OT.D,eJil1Jil1Cb OT apxe6aKTep11ì1 OKOJIO 2,4 MJJP.D. JJeT Ha3a.D,. BpeMH IIOHaJJeHHH caMO

ro J1YK11 11 ero 6aKTep11anbHbIX rroTOMKOB oueH11Tb TPY.1IHO, o.nHaKo TPaeKTOpHH ero 

)!(J13Hl1, a rrp11Hu11rre, rro.D,.D,aeTCH pacw11cpposKe. TaKoro po.na 11cc11e.noaaH11e 6a311-

pyeTcH Ha caOHCTBaX reHOMOa 11 6eJJKOa 06IUHX rrpe.D,KOa. <ùKl1JI» OH HeCKOJibKO 

MeHee 4 MJIP,ll, JieT Ha3a,ll, 11, no aceì1 aH,ll,11MOCTl1, He 6brn KaKl1M-TO 0,ll,Hl1M KOH

KpeTHhIM M11KpOOpraHl13MOM, a CKopee HBJI51J1 co6oì1 HeKOe coo6mecTao M11KpOOp

raHl13MOa, KOTOpble yqacrnoaan11 a rrp11M11Tl1aHOH Cl1M6110Tl14eCKOH caMoopraH11-

3au1111 11, a 'laCTHOCTl1, aKTl1aHO o6MeHl1aaJil1Cb Me)!(,ll,y co6oì1 reHaM11. 

TeopeT111.JeCKaH 11 3Kcrrep11MeHTaJibHaH peKOHCTPYKUHH 3Toro o6mero rrpe.nKa 

6aKTep11:ì1, apxeì1 11 3yKap110T 3aH11MaeT 11cc11e.noaaTeneì1 acero M11pa. l1x yc11JI11H 

HarrpaBJJeHbI Ha abrnCHeH11e ero 061111Ka, MeTa6onmMa, reHOMa, yc11oa11:ì1 11 speMe-
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Hl1 ero cymecTsosamui, TaK KaK s 3TOM cocT011T cymecTso rrepexo.uttoro rrpouecca 

OT cp11311KO-X11MWJeCKOH rrpe.u611onorwiecKOH K 611onor11'!eCKOH 3BOJJIOUl111. 

Cl>paHUJ'3CK11e 11CCJJe,UOBaTeJJl1 113 fla6opaTOp1111 6110MeTpl1l1 11 3BOJJIOUl10H

HOH 611onor1111 n110HCKOro ytt11sepc11TeTa Kno.ua 6epttapa 11 na6opaTOp1111 11H

cpopMaTl1Kl1, po60T0Textt11K11 11 M11Kp03JJeKTPOH11KH s Mottrrenhe rrp11 Hau110-

HaJJhHOM ueHTpe HaY'fHhlX 11ccne.uosaHHH rro peKOHCTpy11posaHHhlM reHOMHh!M 

rrocne.uosaTeJJhHOCT.SIM ouett11n11 onTttManhHYIO TeMrrepaTYPY .umi pocTa r11rroTe

T11'!ecK11x rrpe.uKos 6aKTep11H:, apxeH: 11 3YKapttOT. Ott11 rroKa3an11, lfTO 3Ta TeMne

paTYPa He rrpeBhIIIIana 50-60 °C. 3aTo npe.uK11 6aKTep11H: 11 apxeH: rrpe.urrolf11Ta

n11 neperpeTbie YCJJOBml (> 80 °C). A,uarrTaUml K nrnepTepMOcp11JJhHOCTH y 

6aKTep11ì1 H apxeH: 6brna .UOCTHrHyTa He3aBHC11MO - sepm!THO, BCJJe,UCTBHe 

3aMeHhI PHK-ttacne.uosaHH5! .zJ:HK-ttacne.uosatt11eM. 3TH .uaHHhie MoryT KOppe

n11posaTh e oco6eHHOCT.SIMH KJll1MaTHlfeCKHX ycnoBHH Ha .upestteì1 3eMJJe. 

ll:M peKOHCTPYKUHH reHOMHOH rrocne.uosaTeJJbHOCTH flYKH ylfeHh!e no

CTJ)OHJJH cp11noreHeTttlfecKoe .upeso 6aKTep11ì1, apxe6aKTep11ì1 11 3YKap110T. B rrpe

.uenax 6aKTepHaJJbHOH seTBH TepMOCTa6ttJJhHOCTh flOCTerreHHO CHH)l(aJJaCh, 

T. e. 6aKTepHH no Mepe pa3BHTH51 Y'fHJlHCh cymeCTBOBaTh B ycnoBH5IX sce 60-

nee rrpoxna.uttoro KJJHMaTa. C<iHTaeTC51, '!TO flyKa Mor 6hITh npe.uCTaBHTeneM 

«PHK-MHpa», o6na.uaTeneM PHK-ttacne.ucTsettttoro annaparn. MecTOM ero 

0611TaHH5! 6bIJJH oco6h1e 6HOTOnhI e flOHH)l(eHHOH TeMrrepaTypOH (ttanpHMep, 

np11non5IpHb1e 06nacT11). 3aTeM .use rpyrrrrhI ero Hacne.UHHKOB He3aBHCHMO 

rrp1106pen11 .zJ:HK - B03M0)1(H0, e nOMOIUhlO ropH30HTaJJbHOro rrepettoca OT 

s11pycorro.uo6HhIX opraHH3MOB. )J,HK 6onee ycTOHlfHBhl K BhICOKHM TeMnepa

TypaM, 'leM PHK, rr03TOMY 611onornlfeCKH uenecoo6pa3Hoe rrpH06peTett11e no-

3BOJJHJJO 6aKTepH5IM H apxe5IM pacceJJHThC51 II111pOKO no sceì1 3eMJJe (20]. 

4.3. I1oHHa51 H xttpaJibHa.51 aCHMMe'TpH.51 

KaK cpH3HqecKtte cpaKTOphI 

6ttoreHe3a H OHToreHe3a 

Pa3Bl1Tl1e Bce11eHHOH e MOMeHTa ee B03Hl1KHO

BeHl1R BblrllRAl1T KaK HenpepblBHaR noc11eAOBare11b

HOCTb HapyweHl1H Cl1MMerp1111 .. . <PeHOMeH )1(113Hl1 ec

TeCTBeHHO Bnl1CblBaeTCR B 31)' KaprnHy. 

<1J. ,l\)K. ,{\aMCOH 

4.3 .1. ,lJ;McKpeTHOCTh. PoJih .n;Byx <l>YH.n;aMeHTaJihHhIX 

aCMMMeTPHH B rrpOMCXD:ìK)];eHMM )l{1f3HM 

)l{Hsa51 npHpo.ua Hcrronh3osana sce pa3MepttoCTH OKpy)l(aIOmero ttac pe

aJJhHOro cpH3HlfecKoro Mttpa. K TOlfelfHhIM KOMrrottettTaM )l(HBoro, Kpaì1He Ma

JJhJM rro cpaBHemno e pa3MepaMH opraHJ13MOB HJJH KJJeTOK, MO)l(HO OTHeCTH, 
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HanpttMep, Heoprattw1ecK11e HOHbI 11 MOJieKyJibI BO.Uhi. K o.uttoMepttbIM (n11tteii

HbIM) KOMTIOHeHTaM ene.uyeT OTHeeTH Hepa:JBeTBJieHHbie nOJIHMepbl - 6eJIKl1 11 

HYKJieHHOBbie KHCJIOTbI. K .UBYMepHbJM - MeM6paHbI, K TpexMepHbIM - 06b

eMHb1e o6pa30BaHml - KJieTKH 11 opraHeJIJibI, <f>opM11pyeMbie KOMTIOHeHT3Ml1 

6onee Hl13Kl1X pa3MepHOeTeii. 

B KJiaeewieeKttx rnnOTe3ax A. 11. Onaptttta, ,[QK. E. C. XoMeiitta, ,[QK. )],. Eep

Hana, C. <l>oKea 11 11x r10ene.uoBaTeneii, noeB.11mettHbJX Mo.uen.11M npo11eXO)!(.UeH11.11 

npe.uwecTBeHHHKOB KJieTOK, npe.unonaraeTe.11, •no KoauepBaTbJ Onap1rna, npo

TettHOH.Ubl <l>oKea, Map11rpattynb1 3raMtt 11 T . .u. B onpe.ueneHHbIX ycnoB11.11x no

KpbIBa!OTC.11 o60JI04KOH, HanOMl1H3!0ll\eH KJieT04HYIO MeM6patty. 0.uHaKO eyme

eTBeHHO, lJTO Bee npe.UJIO)!(eHHble paHee MO.UeJitt npOTOKJieTOK HeXO.UHO erpott

JIHCb KaK TepMO.U11H3Ml14eCKl1 paBHOBeeHbie, Tor.ua KaK Bee )!(11Bble eHCTeMbl -

np11ttu11n11aJibHO ttepaBHOBeettbJ. fnaBtta.11 11.ue.11 pa3BttBaeMoii B. A . TBep.u11-

enoBbJM 11 JI. B . 5lKoBettKO (MfY HM. M . B. JloMottoeoBa) HOBoii rnnoTe3bI co-

,, eTOHT B TOM, lJTO, B OTJil1411e OT KJiaee114eeKHX, B tteii TeopeTHlJeeKH 11 3Kene

p11MeHT3JibHO 06oeHOBb1BaeTe.11 nepB114HOe o6pa30B3Hl1e TepMO.l\11H3Ml14eCK11 

HepaBHOBeettblX .u11eKpeTHblX npe.uweeTBeHHHKOB )!(J1BblX KJieTOK. 

HaM, 3eMJI.11ttaM, 113secTttb1 11eKJIJOY11TeJibHO .u11cKpeTttbJe <f>opMbI )!(113-

Htt - O.UHOKJieTO'IHhie 11 MttoroKJieTO'lttb1e opratttt3Mbl. PaJMepbl )!(ttBhIX KJieTOK 

.UOCTaTO'IHO pa3H006pa3Hbl, O.UH3KO MX epe.UHHH pa3Mep eoeTaBJI.!leT HeeKOJibKO 

MttKpOMeTpOB. Ilo-BH.UHMOMY, 3Ta BeJitt'IHHa o6yeJIOBJieHa .u11<t><f>Y3110HHblMl1 

orpatt11'1eHtt.!IMl1, BOeXO.U.!lll\11Ml1 K CTa.l\1111 .uo611onor114eeKoro o6pa30B3Hl1.!1 

npe.uwecTBeHHHKOB KJieTOK 11 o6ycJIOBJieHHbIMl1 tteo6XO.U11MOeTblO eoOTBeTCT

BWI CKopoeTH pa60Tbl 6eJIKOB-<f>epMeHTOB 11 .u11<t><f>Y3110HHOro o6eenelJeHl15! MX 

MOJieKyJiaMH ey6eTpaTOB. 

Ha116onee pacnpoerpatteHHbie npe.ueTaBJiettm1 o npo11cxo)!(.llett1111 npe.uwe

eTBettHttKOB KJieTOK OeHOB3Hbl Ha csoiieTBax paBHOBeCHblX reTeporeHHblX TepMO

.UHH3Mtt'leCKl1X e11eTeM, B TO BpeM.11 KaK )!(118b!e KJieTKH - eymeeTBeHHO HepaB

HOBeCHbie e11eTeMbI. Bee )!(11BbJe KJieTKl1 .11sn.1110Te.11 .u11eKpeTHbIM11 06pa30BaHl15!

M11, 3Ha'lttTeJibHO y.uaneHHb!Mtt OT eocTO.!IHl1.!I TepMO.U11H3MH'leeKoro paBHOBeC1151. 

IlepBI1'1HOH OeHOBOH :noro eJI~HT aeHMMerpH'IHOe pacnpe.uenett11e tteopraHl1-

4eCK11X K3Tl10HOB Me)!(.uy KJieTK3Ml1 11 OKpy)!(aJOmeii epe.uoii - Harp115! 11 K3Jil15!, 

MarHtt.11 11 KaJibl(l15!. Bee )!(J1Bble KJieTKH, B 60JibWeii 11Jil1 MeHbWeii eTenetttt, aK

KYMYJittpylOT 11ottb1 Ka.JI11.11 113 o6oramettttoii 11ottaMtt ttarp11.11 Bttewtteii epe.UbI, Ta

Koii KaK MOpeKa.11 so.ua 11Jil1 KpOBb (JI11Mcpa) MJieKOTIMTalOl.l(MX. To )!(e OTHOCMTC.11 Il 

K OCHOBHblM .UByxBaJieHTHblM K3Tl10HaM - Ka.JibUHIO 11 MarHHIO (p11e. 4.2). Ee3 

eneutta.Jil1311pOBaHHblX MexaHl13MOB no.u.uep)!(aHl1.!I 110HHOH aeHMMerpH11 MeM-

6paHHblMM ttacoeaMl1, np1106peTeHHblMl1 ~e B xo.ue 611onor11lJeCKOH 3BOJIIOU1111, 

3JieKrpOXl1Ml14eeKMe rpa.u11eHTbl B )!(11Bb!X KJieTKax 11eqe3aJOT. 

l10HH351 aeHMMeTpll.!i Me)!(.uy KJieTKOH 11 epe.uoii y)!(e Ha eaMblX paHHHX 

CTa.U115!x .uo611onor11qecKoii 3BOJIIOU1111 06ecne'l11Bana eymeeTBettttoe 3BOJIJO

UMOHHOe npe11MymeeTBO npOTOKJieTKaM, eJO 06na.uasw11M. 3a e'leT MOHHOH 

aettMMeTp1111 e03.UaBaJie5! 3anae eB060.UHOH 3Hepr11M, tteo6xO.Ul1MbIH wrn oey

meeTBJieHl15! 3tteproeMKl1X sttyrp11KJieTO'IHbIX npoueecos, eonpH)!(ettHbIX npo-
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P1o1c. 4.2. CxeMbl rpaHcMeM6paHHoro nepeHoca O.QHo- 111 ,qsyxsaneHTHblX Kar1110Hos s KneTKax , 06ecneY111Ba10ll.lero 111x 

repMO,[\lllHaMlll'-leCKYIO HepaBHOBeCHOCTb {KpynHble ClllMBOnbl COOTBeTCTBYIOT o6nacrnM, B KOTOpblX KOHL_\eHTPal\lllS'l 

3TlllX lllOHOB BblCOKa, a Manb1e - H1113Ka) 
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ueccos nepettoca semecTB qepe3 MeM6paHhI. KpoMe Toro, 3TOT T11n ac11MMerp1111 

MOf 11rpaTb 11 11HcpopMau110HHYIO, Cl1fH3JlbHYIO pOJib, nocKOJlbKY HapyrneH11e 

ueJIOCTHOCTl1 MeM6paHbl npOTOKJieTKl1 Cpa3y o6Hapy)l(l1B3Jl0Cb no B03Hl1K3B

llll1M np11 3TOM 110HHblM TOKaM. 

Eme O)lHOtt YH11KaJibHOtt HaXO)lKOtt np11pO)lbl CTaJIO 11CTIOJlb30BaH11e O)lHO

MepHblX (Hepa3BeTBJJeHHblX) TIOJll1MepHblX uenett - 6eJIKOB 11 ttyKJiel1HOBblX Kl1-

CJJOT - B Ka"leCTBe 11ttcpopMau110HH0-3Ha"ll1MblX MOJieKyJI (ttanOMHl1M, "ITO 3an11Cb 

11ttcpopMau1111 Ha M3fHl1THblX 11 0IlTl1"1eCKl1X HOCl1TeJUix TaK)l(e JIBJU!eTCJI O)lHO

MepHOtt ). Heo6XO)l11MOe YCJIOBl1e )lJU! 3TOro - XUpWlbHa51 'lUCmoma MOHOMepos: 

L-aM11HoK11CJIOT 11 D-caxapos. B 1904 r. JIOp)l KeJibBl1H s csoeìi JieKU1111 s 6aJIT11-

Mope, IlOCBJl!lleHHOtt )ll1H3Ml1Ke MOJieK)'Jl 11 BOJIHOBOtt np11po)le csern, )laJI o6mee 

onpeL(eJieH11e X11paJJbHbIX 06beKTOB («XUpWlbHOCmb» - OT rpe'l'eCKOfO xE:fp -
pyi<a). BHe 33Bl1C11MOCTH OT CBOett cp11311'l'eCKOtt np11pO)lhl, XUpWlbHblM o6beKmOM 

C"ll1TaeTCJI TOT, KOTOpbltt He MO)l(eT 6bITb COBMe!lleH CO CBOl1M OT06pa)l(eH11eM B 

IlJIOCKOM 3epKaJie: Hl1 nepeMemeHl1JIM11, Hl1 TIOBOpOT3M11, Hl1 113MeHeHHJIMl1 MaC

llITa6a. Ha!II11 JieBbi e 11 npasb1e pyi<11 - x11paJibHbie o6beKTbI. KaK repoìi nbeCbI 

)JC-6. MoJibepa «Mematt11H so )lBOpllHCTBe» He no)l03pesaJI, 'l'TO rosop11T npo3ott, 

TaK Mb! 06b!'IHO He 3aMe"laeM, "ITO )l(l1BeM B M11pe XHpaJibHb!X npe)lMeTOB 11 o6pa-

30B - OT raJJ3KTl1K H )l(HBblX opraHl13MOB )lO 3JleMeHTapHbIX "laCTl1U. 

)J{113Hh Ha 3eMne nocTpoetta Ha ocHose yrnepo)la. Yrnepo)l MO)l(eT o6pa-

30BbIBaTb "leTblpe paBHOUeHH bJe Xl1MH"leCKl1e CBJl311, HanpasJJeHHbie H3 ueHrpa 

npaBl1JlbHOro TeTpa3)lpa K ero sep!II11H3M. 

K XJ.1panbHblM sew,ecrnaM OTHOC51TC51 coe)lJ.1HeHJ.15l , BKillOYalOW,J.1e arnMMeTpJ.1Y

HblH aTOM yrnepo,D,a e YeTbipbMJI pa3IlJ.1YHblMJ.1 3aMeCTJ.1TeilJIMJ.1, o6pa3ytOW,J.1MJ.1 e 

HJ.1M KOBaneHTHbl e CBJl3J.1. 0Hl1 o6pa3ylOT 3epKailbHble J.130Mepbi - 3HaHTJ.10Me

pbi , 06na,D,at0w,J.1e orrrnYeCKoCi aKrnBHOCTbtO - cnoco6HOCTbt0 spaw,aTb nnoc
KOCTb non5lpV1 3al.\J.1H csera (L - sneso, D - snpaso). 3epKanbHbre J.130Mepbi x11-

panbHblX coe,D,11HeH11Ci - 3HaHrnoMepbr - aMHHOKJ.1cnor, caxapos, cjloccjlon11n11-

AOB HeCJ.1MMeTpHYHbl no HX CO)lep>KaHJ.1IO B 6J.1occjlepe. 

B Xl1Ml1"1eCKl1X CHHTe3aX , np11pO)lHb!X H npOMblllIJieHHblX, o6pa30B3Hl1e 

L- 11 D-3HaHT110Mepos x11paJibHhIX coe)lHHeHHtt pasttosepoJ1THO, ecJI11 CHHTe3 

He cTepeocneu11cp11'1eH . 06pa3yeTc» cMecb e paBHbJM11 KOHUeHrpauHJ1M11 L- 11 

0-3HaHTl10Mepos - paueMaT. IIo MHOfHM cp11311Ko-x11M11'l'ecK11M napaMeTpaM 

3H3HTl10Mepbl He OTJll1"13IOTCJI . 0)lH3KO B )l(HBb!X KJieTKax )lJIH ptt60COM3JlbHOro 

Cl1HTe3a 6eJIKOB HCTI0Jlb3YIOTCJI TOJlbKO L-aMl1HOKl1CJIOTbl (pHC. 4.3), a B COCT3B 

HyKJiel1HOBblX Kl1CJIOT BXO)lHT TOJlbKO D-p11603a, JIBJIJllO!ll3JICJI, KaK 11 Bee caxa

pa B 611occpepe, D-113oMepoM . 

Bnepsb1e ttapyrnett11e 3epKaJibHOtt c11MMerp1111 Ha6JIJO)laJJ Jiy11 IIacTep, H3-

secTHhIH M11py 6oJiee KaK MHKpo6HOJIOf. B 1848 r. OH OTKpblJl, "ITO Bl1HOrpa)lHaH 

Kl1CJIOTa B pe3ynbTaTe Kpl1CTaJIJI113au1111 npespamaeTCJI B CMeCb L- 11 D-H30Mepos 

Kp11CT3JIJIOB BHHHOH Kl1CJIOTbl. K11cJI0Ta, TIOJiyqaJO!l(aJICJI 113 D-Kp11CT3JIJIOB, COB

na.uaeT e BHHHOtt Kl1CJJOTOH, 06pa3y10meì1cJ1 np11 6po)l(eHl1H BHHOrpa)lHOro COKa; 

KHCJioTa, noJiyqaJOma»CJI H3 L-Kp11crnJIJIOB, tte Ha6JIJO)laeTCJI B npttpo)le . 
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P11c. 4.3. 3epKanbHb1e 11J0Mepb1 L- 11 D-aM11HoK11cnor 

EcTeCTBeHHhIH sorrpoc, JalfeM Hj')!rna roMOXHpaJihHOCTh )1(11BhIM c11cTe

MaM, HMeeT 06m11ì1 H BITOJIHe 51CHb!H OTBeT. feTepox11paJibHbJe Hepa3BeTBJieH-
::i 

HbJe 6HOITOJIHMepbl (ttyKJiel1HOBhie Kl1CJIOTbl H 6eJIK11) ITOTepmOT CBOIO rrpo-

CTpaHCTBeHHj'IO YHl1KaJibHOCTb (cTepeocrre11mpl1lfHOCTb), ecn11 B Hl1X cnylfaì1-

Hb!M o6pa30M 6y.uyT BXO,llHTb MOHOMepbl-3HaHTHOMepb!. feTepoxHpaJihHbie (rro 

.ue30KCHpH603e) .lJ:HK ITOTep51!0T Heo6XO,llHMOe CBOHCTBO KOMITJieMeHTapHoro 

B3aHMO.Ueì1cTBH51 s .usoì1Hoì1 crrHpan11 . EeJIKH-cpepMeHThI, pe11errTOpb1, rrepe

HOClfHKH TaK)l(e yTparnT CBOIO YHHKaJibHj'IO rrpOCTpaHCTBeHHYIO KOHqmrypa

IIHIO, Heo6XO,llHMj'IO .umi crre11HcpHlfeCKOfO KOMITJieMeHTapHoro j'3HaBaHl151 CBO

HX cy6cTpaTos. BMecTe e TeM H .upyrHe x11panhHb1e ylfaCTHHKl1 Me)l(MOJieKy

AApHhIX B3attMo.ueì1cTBHH TaK)l(e .UOJI)l(HhI 11MeTh yH11KaJihHJ'IO TpexMepHy!O 

cTpyKTypy. Mo)l(HO rrpe.ucrns11Th ce6e 11 TaKJ'IO c11Tya11tt10, lfTO s 6ttorron11Me

pax, HarrpHMep s 6enKax, cTporo orrpe.ueneHHhIM o6pa3oM co11eTa10TC5! L- H 

D-11J0Mepb1 aMHHOKHCJIOT. B TaKoM cnyqae HeHJMepttMO so3poc 6b1 Heo6xo

.UHMhIH pecypc reHeTHlfeCKOH HHcpOpMa1111H: TpHITJieTHb!H KO.Il 113 11eTbipex 

HyKJieOTH,llOB B ,ll;HK CTaJI 6b! He,llOCTaTO'leH ,llJIH KO,llHposaHH51 ( ceì111ac 1136bJ

T0'1HOro) 20-TH rrpe,llCTaBJieHHblX B 6ttoccpepe aMHHOKHCJIOT. 

Tio OCHOBHh!M cpH3HKO-XHMH'leCKHM rrapaMeTpaM 3HaHTHOMepbl He pa3Jil1-

lfa!OTCH H B 06hilfHb!X XHMHlfeCKl1X peaKII1151X o6paJy!OTC51 B paBHb!X KOJil1lfeCT

sax, COCTaBAAH pa11eMH'leCKYIO CMeCb. 0.uHaKO B )l(HBhIX KJieTKax, KaK Mb! j')i(e 

rosopttnH, .1lAA pH6ocoMaJihHOro CHHTeJa 6enKos 11crronb3YJOTC51 TOJihKO L-aM11-

HOKHCJIOThI, a B COCTaB HYKJieHHOBb!X KHCJIOT BXO,llHT TOJibKO D-caxapa. E11onom-

11eCKHH CMbICJI XHpalibHOH 'lHCTOTbl 6ttoccpepbl ITOHHTeH: rGMOXHpaJibHOCTb 6eJIKOB 

H HYKJieHHOBh!X KHCJIOT o6ycJIOBJIHBaeT CTa611JibHOCTb HX CTpj'KTJ'P, 06ecrre11H

Bal01IIHX 11X cpyHK!IHOHHposaHHe, H, KpOMe TOro, ,llAA 6ttOXHMH'leCKl1X rrpeo6pa-

30BaHHH fOMOXHpaJibHb!X coe,llHHeHHH Tpe6yeTCH ropa3.UO MeHbWe cpepMeHTOB, 

11eM ,llAA TaKHX )!(e rrpeo6pa30BaHHH reTepoxHpaJibHb!X coe,llHHeHl1H. 

Ha caMOM .uene, xttpaJibHhIX coe.u11HeH11ì1 s )l(HBhIX opratt113Max HaMHOro 

60Jihllle, 'leM aMHHOKHCJIOT, yrneso.uos H cpoccpoJIHITH,llOB, - He MeHee ITOJIO

BHHbl H3 scex THITOB 6HOMOJieKyJI. Tio BCeM KJiaccaM coe,llHHeHl1H 6ttonortt11e

CKHe CHCTeMbl BO sceì1 6ttoccpepe roMOXHpaJibHbl (L HJIH D) . ::ho rrp11H!Il1ITH

aJibHO, H OT 3TOro CBOHCTBa )l(HBOH MaTep11H ITOWJIO rrpe.ucTasneHHe o «XH-



282 rnasa 4. npo111CXO>K,QeH111e JKll1BOi1 KJleTKl/1 111 Ha4aJla 3BOillOL\111111 

panbHOH 4HCTOTe 6ttoccpepb1». CyIUecrneHHO, xorn 06b14HO s 06IUe6ttonorn-

4ecKoM nnaHe He 06C)')KL1aeTC», 4TO sce cpoccponttnHL1bI s 6ttoccpepe roMoxH

panbHbI. 06bHCHeH11e 3TOMY COCTOl1T B TOM, 4TO «Ha BXO):le» H «Ha Bb!XO):le» HX 

MeTa60JIH3Ma CTOHT «XHpanbHbie cp11JibTpbI» - cpepMeHTbl. 

roMox11paJ1bHOCTb - o6»3aTeJ!bHblH Kp11Tep11ii ):IJIH scex Yt.faCTHHKOB scex 

MeTa60J1114ecK11x nyTeii scex )!(11BbIX opraHH3MOB. ITpas):la, 11Me10TC» 11 11CKJ110-

4eHH», KaK scer):la, noL1rnep)!(L1a10IU11e npaBHJIO. HeKOToph1e BH.L\bI 6aKTep11ii 

BKJl!Ol.{a!OT B CBOH o60Jl01.{KH caxapa «JleBOH» x11panhHOCTH B Kal.{eCTBe ecTeCT

BeHHOH 3aIU11Thl. Ho 3Tl1 MOJ!eKyJ!bl - 11CKJll04eHHH, .[\JIH KOTOpb!X cyIUeCTsy

IOT CBOl1 CTepeocneuttcpttl.{eCKHe cpepMeHTbl. 

BBHJlY 06IUHOCTH xapaKTepa aCHMMeTpHH (HOHHOH - KJ!eTOl.{HOH H MO

J1eKyJ1»pHOH - x11paJ1hHOH) HX CJ!e)lyeT C4HTaTh JlBYMH rjJyHÒaMeNmaJlbHblMU 
.,acUM1wempuRMu s )!(HBbIX cttcTeMax. l1x sceo6ruttoCTb nopO)!()laeT sonpoc H 06 

o6IUHOCTH HX B03HHKHOBeHHH: B03HHKJIH JIH OHH B XO):le 6HOJIOfH4eCKOH 380-

JIIOUHH HJIH HX B03HHKHOBeHHe 6hIJIO npe):lorrpe):leJ!eHO cpH3HKO-XHMHl.{eCKHMH 

cpaKTopaMH npeL16HOJ!Of114eCKOH 3BOJllOUHH. 

o e)lHHCTBe npOHCXQ)!():leHirn HOHHOH H x11paJ1hHOH acHMMeTpHH KOCBeH

HhlM o6pa30M CBH):leTeJ!hCTBYIOT pac4eThl 3aTpaT 3HeprHH, Tpe6yeMOH Ha HX 

JlOJl)lep)!(aHHe B KJieTKe. ,LJ,eHCTBHTeJ!hHO, o6e aCHMMeTpHH orpa)!(a!OT TepMO)lH

HaMH4eCKOe HepaBHOBeCHe: HOHHhie rpantteHThl CTpeMHTCH K BhlpasmrnaHHIO, a 

HeOL1HHaKOBh1e KOHU:eHTpau1111 L- 11 D-:iHaHTHOMepos Bhl3h1Ba10T p aueM111au1110 

(ycpenHeHtte) xttpaJibHOH cMectt. ,Ll,JI» «o6o6IUeHHOH» )!(HBOH KJieTKH YJlHBH

TenbHO 6JIH3KHMH OKa3bIBa!OTCH oueHKH 3HepreTHl.{eCKOH CTOHMOCTH HOHHOH 

Na/ K- + Mg/ Ca-acHMMerptt11 11 L/D-acHMMerpHH LIJI» x11paJihHbIX coen11HeH11ii 

(6e3 cpoccpoJ111n11.uos): - 10- 12 
,LJ,)!(/ KJ1eTKy. CoorneTcrny10IUHe pac4eThI, BhlJlOJl

tteHHhie asrnpaMH [21 ], H KOMMeHTapHH npHBe)leHhl B CJ!e):lyJOll]eM pa3)leJie. 

4.3.2. 3Hepren1qecKa5I CTOHMOCTb 

x11paJibHOH qJ1CTOTbI 6eJIKOB, 

HYKJieHHOBbIX KHCJIOT H JIHIIH)J;OB 

ITp11 nocTO»HHbIX TeMneparype 11 .uasJieHHH 111MeHeH11e cso60L1HOH :ittep

r1111 npH paueMH3au1111 O)lHOro 113 3HaHTHOMepos x11paJihHOro coe):IHHeHl1H 

HMeeT TOJibKO 3HrponHHHYIO COCTaBJll!!Oll]y!O. B COOTBeTCTBHH e cpopMyJIOH 

llieHHOHa 

S=-kLpilnpi =-k(pd lnpd +p11np1)=-k[plnp+0-p)ln(1-p)], (4. 1) 

rne Pd = p H p1 = (1 - p) - sepoHTHocrn CJIYt.faiittoro Bh16opa D- HJIH 

L-H30Mepa H3 CMeCH. )J,JIH XHpaJibHO l.{HCTOH CHCTeMhl 3HTp011Hll, npHXOJlHIUall

CH Ha OLIHY 4aCTHUY, pasHa S = O, a LIJI» paueMHl.{eCKOH CMec11 3HaHTHOMepos 

S = k· ln2, nocKOJibKY p = 0,5. TaKHM o6pa30M, H3Mettetttte 3HTponHH nptt 06-
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pa3oBamm rro N/2 rrpaBhIX 11 neBhIX 113oMepos H3 paueM11qecKoì1 cMectt, co

L1ep)!(arueì1 N qacrnu, COCTaBmleT /J.S = - k·Nln2 , a COOTBeTCTBYIOIUee 113MeHe

Hl1e CB060L1HOH :rnepr1111: 

!J.G = -T!J.S = kTNln2. (4.2) 

Ouett11M KOJmqecTBO ocTaTKOB aM11HOKl1CJIOT 11 caxapos B KJieTKe. 

flycTh paL111yc KJieTKH paBeH r, ee cpe):IHlUI ITJIOTHOCTb p H MaCCOBbie ):IOJil1 

oprattttqecK11x seruecTB B tteì1 paBHhI wi (% ), r.[le i = 1, 2, 3 LIJill 6eJIKOB, yrne

BOLIOB 11 ttyKne11HOBhIX Kl1CJIOT cooTBeTCTBeHHO . CpeL1tt11e MOJillpHhie Macchi 

3Tl1X seruecTB o6o3ttaq11M qepe3 M;. Tor):la KOJI11qecTBO xttpanhHhIX qacT11u B 

o6beMHOH cpa3e KJieTKl1 COCTaBl1T 

~ 

4nr
3 
P±-3._ 

N=NA30()i=IM;' 
(4.3) 

a MHHl1MaJihHall CB060L1Hall 3Heprttll, Heo6XO.[IHMal! ):IJill BhI):leJieHl1ll !13 paue

MJ1qecKOH CMeCH 2N qacT11U LIBYX x11paJibHO q11CThIX Cl1CTeM, COL1ep)!(aru11x rro 

N 3HaHTHOMepos Ka)!(.[lal!, pastta 

!J.G ANS = kT2N In 2 = 8nr
3 
pRT In 2 ~ -3._ 
300 L. . 

i= lM; 

(4.4) 

.[J;eTaJibHhIH XHMH4eCKHH COCTaB KJieTKH CHJihHO 3aBHCHT OT ee THITa. 0):1-
HaKO ):IJill oueHOK MO)!(HO HCITOJih30BaTh ):laHHbie ):IJill JII06oì1 xopowo 113yqeH

HOH KJieTKH. l13BeCTHhl ):laHHhie no XHMH4eCKOMY COCTaBy KJieTKH E.coli 
(% Macc.) : 6enK11 - 15, .[l;HK - I, PHK - 5, yrneBOLlhI - 3 . CpeL1HHe MO

JillpHhie MaCChI (B a . e . M.) LIJill aMHHOK11CJIOT, caxapOB 11 OCTaTKOB HYKJieHHO

BhIX Kl1CJIOT MO)!(HO rrpHHl!Th paBHhIMl1 115, 170 11 340 COOTBeTCTBeHHO. Pa3-
Mep KJieTKH ITOKa B03bMeM 6 MKM, T. e . paBHhIM rrpoMe)KYT04HOMY 3Ha4eHl1IO 

Me)!(.[ly Tl1TIJ1qHhIMl1 pa3MepaMl1 rrp0Kap110T 11 3yKap110T. fIJIOTHOCTh KJieTKH 

11p11MeM paBHOH ITJIOTHOCTl1 BO):lhl. fJO.[ICTaBHB 3Tl1 ,[laHHbie B 11p11Be.[leHHOe 

BhIWe Bbipa)!(eHHe, rroJiyq11M 

-18 3 ( 15 3 7 ) !J.Grp:::::8·31·27·10 ·10 ·8 3·0 7 · -+-+- ::::: 
' ' ' , 115 170 340 

:::::4·10-
12

·0,17:::::7 .10-
13 

)],)!( . (4.5) 

flp11 06c~L1ett1111 rrpo6rreMhI x11paJihHOH 411CTOThI 611occpep1>1, KaK 11pas11-

rro, paccMaTp11BaIOTCll TOJihKO aMttHOK11crroT1>1 11 HYKJie11HOB1>1e KHCJIOThI, a JIH-

1111.[lbI 06b1qHo He y110M11HaIOTCll. flocKOJihKY cpoccporr11rr11.[lbl npe):ICTaBJll!IOT co-

6oì1 LIBOHHhie cJJO)!(HhJe 3cp11pb1 )!(11pH1>1x K11cnoT 11 3-cpoccporn11uep11Ha, o6hI4HO, 

e MOLl11cpHU11pOBaHHOH cpoccparnoì1 rpyrrrroì1 , TO cpeL1Hl1H aTOM yrnepo):la B oc

TaTKe rn11uepttHa OKa3hrnaeTCll XHpaJihHhlM . fI03TOMY cpoccpoJIHITH):lhI MOrYT 
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cymecTsosaTh s s11ne nsyx cTepeo1130Mepos: L 11 D, Ho s )1(11BOH np11pone 

BCTpe•rnlOTCH TOJJhKO L-cpoccpon11n11nh1 [ 15]. MexaHH3MhI TaKOH ceneKTHBHO

CTH npHHUHnHanhHO OTJJH'!Hhl OT MexaHl13MOB OT6opa 3HaHTHOMepos aMHHO

KHCJJOT 11 HYKJJel1HOBhIX KHCJJOT. 

TIOCKOJJhKY OT KOHcpopMaUH11 MOJJeKyJJ JJl1IIHL\OB IIpoueCChl 6HOCl1HTe3a 

HBHO He 3aBHCHT, KJJeTKe J.(OJJ)l(HO 6bIJJO 6bJ 6bITh 6e3pa3JJl1'1HO, KaKHe CTepeo

H30Mepbl BXOL\HT B COCTaB ee MeM6paHhl. CKopee scero, TaK 11 6bIJJO B CJJyqae 

npenwecTBeHHHKOB npOTOKJJeTOK, Korna cpoccponHIIHL\Hhie MeM6paHhl cpopMH

poBanHCh cnOHTaHHO 113 Tex JJHnl1J.(HhlX KOMIIOHeHTOB, KOTOpble 6bIJJH HM noc

TYIIHhl, T. e. HMeJJHCh B L\OCTaTO'IHOM KOJJl1'1eCTBe B OKp~a!OIUeH cpene. 

OnHaKo np11 nepexone npoT06110HTOB K asTOHOMHOMY cymecTsosaH1110 

C11Tyau11H 113MeHl1JJaCh, nocKOJJhKY npOTOKJJeTKa L\OJJ)l(Ha 6bIJJa Cl1HTe311pOBaTh 

JT11n11nh1 caMa. <l>epMeHThI n11n11nHoro o6Metta cospeMeHHhIX np0Kap110T 06na-

na10T npaKT1111ecK11 a6con10THOH cneu11cp11'lHOCTh10 K L-cpoccpoJJ11n11naM . OII

T11ManhHaH CTPYKTypa KaTan11T11'!ecKoro uettTpa nn» CHHTe3a L-cpoccpon11n11-

nos J.(OJJ)l(Ha Cl1JlhHO OTJll1'laThCH OT TaKOBOH J.(JJH D-cpoccpon11IIl1L\OB (113 06m11x 

coo6pa)l(eH11H:: OHM L\OBOJlhHO nporn)l(eHHhl 11 L\OJJ)l(Hhl 6hITh 3epKaJJhHO CHM

MeTp11'!HhlMl1, T. e. MaJJhIM11 113Mettett11HM11 CTPYKTyphI cpepMeHTa H3MeHl1Th ero 

cneu11cp11'!HOCTh He ynacTcH). B11n11Mo, cpepMeHT nn» Cl1HTe3a L-cpoccpon11-

n11nos, IIOCTpoeHHhlH 113 L-aMl1HOKl1CJJOT, «neweBJle» HJlH 3cpcpeKTl1BHee COOT

BeTCTBYIOIUero cpepMeHrn L\JJH Cl1HTe3a D-cpoccpoJT11n11nos. 

e npyroH: CTOpOHhl, crn611n113auHH CTPYKTYPhl KJJeTO'!HOH MeM6paHhl 6eJJ

KaMl1 npennonaracr 6eJTKoso-n11n11nHhie s3a11MoneH:cTBHH. Bo3MO)l(HO, 3HTanhnHJ! 

o6pa30BaHHH 6eJlKOBO-Jll1IIl1L\HOro KOMIIJJeKca 113 KOMIIOHeHTOB OL\HOH x11panbHO

CTl1 no a6cOJllOTHOH BeJJl1'111He 6onhwe 3HTanhIIl111 o6pa30BaHHH KOMIIJJeKca 113 

reTepox11panbHhlX KOMnOHeHTOB. Torna 3TO MOrno 6bI IIOCJJ~l1Th cpaKTOpOM 

npe11Mymecrna np11 oT6ope n11n11nos B xone 3BOJllOUHH nporn6110HTOB. 

3t1epreT11'1ecKy10 CT011MOCTh C03J.(aHl1H x11panhHO 'IHCTOH 611cnoHHOH JJH

II11L\HOH MeM6paHhl y MOJ.(eJJhHOH KJJeTKH n11aMeTpOM 6 MKM MO)l(HO oueHl1Th 

cneny101UHM o6pa3oM . C'111TaH, '!TO ontta MoneKyna cpoccpoJJ11n11na 3aH11MaeT 

nnomanh S0 = 0,4 HM
2
, s 611cJJoH:ttoH: ccpep114ecKoH: MeM6paHe TaKOH KJJeTK11 

6yneT conep)l(aThCH 

4u2 24. 9 . 10- 12 

N = 2-- "" = 5, 4 · l 08 
MoneKyn cpoccpon11n11nos. 

So 40 · l0- 20 
(4.6) 

YMeHhwett11e 3HTpon1111 np11 pa3ne11et11111 CMec11 2N 'laCTl1U nsyx copTOB 

Ha nse Cl1CTeMbl, Ka)l(J.(aH 113 KOTOphlX conep)l(HT no N '!aCT11U OL\HOro copTa, 

COCTaBJJHeT 

M=k2Nln2. (4.7) 

Tio3TOMY 113MeHeH11e CB060JlHOH 3Heprn11 np11 cpopM11poBaH1111 XHpanbHO 

'!11CTOH 611cnOHHOH JJl1IIl1L\HOH MeM6paHhl 113 paueM11'!eCKOH CMec11 cpoccpon11-
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n11L10B BLIBOe 6oJJbWero o6beMa np11MepHo paBHO 10·14 
)J::)I« K- 1

. Ilp11 300 K rn

KOMY 113MeHeHl1!0 3 HTJJ0fil111 COOTBeTCTByeT yseJJ111-1eH11e CB060):IHOH 3Hepr1111 Ha 

16nr2 
- 12 

!:;.GL =T/:;.SL =--kTln2::::o3-IO )J:)f(. 
So 

(4.8) 

IlocKOJJbKY CB060L1Hble 3Hepr1111 paueMl133U1111 JJl1fi11LIOB 11 OCT3JJbHbIX Xl1-

paJJbHblX semecrn 3as11Cl!T or o6beMa (paL111yca) MO):leJJbHOH KJJeTKl1 no

pa3HOMy, cymecrsyeT TaKOH pa3Mep KJJeTKl1, np11 KOTOpOM 3Tl1 se1mq11Hbl COB

na):la!OT. OL1eH11M ero 113 ycJJOBl1ll, Koropoe .[laer 

r= 600 3 "' 600 
pNASoL 3- 103 -6-1023 .40 .10-20-0, 17"'14-10-6 M 

i=IMi 

(4.9) 

TaK11M o6pa30M, LIJJll KJJeTKl1 Lll13MerpoM 28 MKM 3Heprn11 paueM113au1111 JJ11-

n11L1HOro 611CJJOll 11 06beMHOH cpa3bl COBI13):13!0T 11 p aBHbl np11MepHO 7 · J 0-9 
jJ:)f(. 

)J:m1 oueHKl1 3HepreT11qecKOH CT011MOCTl1 110HHOH 3Cl1MMeTp1111 pacCMOT

p11M KJJeTKY e OKpY*alOLUeH cpeL1oì1 KaK 3aMKHyTYIO CHCTeMy. Cso60L1Hall 

3Heprm1 K3)!():10H I10.[ICl1CTeMbl paBHa 

Gr,P = Lµini , (4 .10) 

r):le µ; - 3JJeKTpox11M11qecK11ì1 noTeHu11an i-ro KOMnoHeHTa, n; - q11cno Moneì1 

3Toro KOMnoHeHTa B no):lc11cTeMe. IfaMeHeH11e cso6om1oì1 3Heprn11 sceì1 c11c

TeMbI np11 113MeHeHl111 q11cna qacT11U B fiO):ICl1CTeMax paBHO 

(I) (2) 
!:;.Gr,P = D.Gr ,P + !:;.GT,P , (4.11) 

11Jll1 

.!:;.Gr,P = L,(.uf1)1:;.nf1) +.uf2)1:;.n}2))= I(.uf1)-.uf2>)6n} 1
), (4.12) 

I l 

nOCKOJ!bKY /:;.n(l) = -/:;.n(2) 
I l • 

H3MeHeH11e q11cna MOJJett KOMnoHeHTa B KJJeTKe MO)f(HO Bblpa311Tb B 811.[le 

/:;.n; = /:;.e;- V, r):le V - o6beM KJJeTKl1, a :1JJeKTpox11M11qecK11e noTettu11aJJbI 110-

HOB cpopMaJJbHO onpeL1eJJl!IOTCll COOTHOWeH!1llMl1 

o .li; = f.I; + RT In ci+ ziFcp, (4 .13) 

o ~ ~ . 
r):le Jl; - CT3HL13PTHbIH X11Ml1qeCKl111 ITOTeHu11aJJ 1-ro !10Ha, Z; - ero BaJJeHT-

HOCTb, cp - :ineKTpocrnT11qecK11H rroreHu11an, F - '-lliCJJO <t>apaL1ell. Cne):IOBa-
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TeJibHO, H3MeHeHHe cso6o.uHOH 3HeprHH CHCTeMbl, conpOBOlK,lla!Omee H3MeHe

HHe HOHHOro COCTaBa KJieTKH, MO)f(HO 3anwcaTb B BH,lle 

[ [ 
d1

l Ì z.F ] 
!iGT,P = RTV~ lici In cf 2) )- ~T !irpm , (4.14) 

r.ue (/Jrn - MeM6paHHbIH noTemvian KJieTKH. 

Hcnonh3Y51 3Ha4eHH51 BHYTPHKJieT04Hbix KOHI.(eHTpauwii HOHOB .UJI51 aKco

Ha KaJibMapa, npwse.ueHHhie B Ta6n. 4.1, nonyqwM: 

liGr,P "'8,3· 310· l,l · 10-16 ·[O ,35 ·(In 36+96500/(8,3 · 300) ·O, 05)-

" -0,35 ·(-In 6 +96500 I (8,3 · 300) · 0,05)-0,34x 

x(ln 3-96500/(8, 3· 300) · O, 05) )"'3 ·10-13·0,35 ·( 4+ 2)"'6 · 10- 13 
LJ:)f(. ( 4.15) 

LJ:n51 KJieTKH ,llHaMeTpOM 28 MKM !iGT,P "'6 .10-12 
)].)!(, TIOCKOJibKY ee 

ofo,eM no'!TH Ha nop51.llOK 6onhwe. 

TaKHM o6pa30M, 3HepreTH4eCKHe 3aTpaTbI Ha OT6op xHpanbHO 4HCThIX 

aMHHOKHCJIOT H HYKJieHHOBblX KHCJIOT ,llJl51 He60JibWHX KJieTOK npaKTH'leCKH 

cosna.ua!OT e BeJIH'IHHOH cso6o.uHOH 3HeprHH, He06XO,llHMOH ,llJl51 C03,llaHH51 

HOHHOH aCHMMeTpHH, HO Jl04TH Ha nop51,llOK MeHbille cso6o.uHOH 3HeprHH, He

o6XO,llHMOH ,llJl51 OT6opa O,llHOro H3 CTepeOH30Mepos JIHIIH,llOB, BXO.ll5lll.IHX B 

6HcnoiiHy!O JIHnH.UHY!O MeM6paHy. Pa3JIH4He cTaHeT eme 6011hwe, ecm1 y'leCTh 

HaJIH4He JIHJlH,llOB BO BHyTpeHHHX CTpyKTypax KJieTKH. Ho, KaK Mb! y)f(e roso

pHJIH, fOMOXHpaJibHOCTb cpoccj>onHTIH,llOB o6ycnosneHa He .uo6HOJIOfH4eCKHM 

BbJ6opoM, a cymecrny1omHM MeTa60JIH3MOM JIHTIH,llOB B KJieTKe. 

3HaMeHaTeJibHO, 4TO .use OCHOBHbJe aCHMMerpHH, x apaKTepHbJe .llJUI )f(JfBbIX 

CHCTeM, CTÒ51T, e 3HepreTH'1eCKOH T04KH 3peHH51, npaKTH4eCKH 0,llHHaKOBO. ::ho Ha

BO,llHT Ha Mh!CJ!b o TOM, 4TO B xo.ue .uo6HOJIOfH4eCKOH 3BOJllOUHH OHH B03HHKJIH B 

pe3ynhrnTe npoueccos O.UHOH np11pO.llhI 11 s O.UHOM H TOM )!(e MeCTe. Ho r.ue? H Ka

K11e HMeHHO npoueCCbl npHBeJIH K B03HHKHOBeHH!O 3THX aCHMMerp11ii? 

VlCXO,llH H3 CKa3aHHOro, MO>KHO AYMaTb, 4TO 61-1<PypKa4HH, B pe3yllbTare KOTOpbiX 

noHBHJlHCb .use HepaBHOBeCHble aCHMMeTpHH, <PYHAaMeHTaJlbHble Af151 >KHBblX 

CHCTeM, MOrllH 803HHKHJ'Tb H, sepoHTHO, 803HHKJ1H B 0,llHO H TO >Ke BpeMH H B 

OAHOM H TOM >Ke MeCTe B xo.ue 0611.\HX npo4eccos. 3TO Meno - HepaBHOBeCHaH 

rpaHHl..la oKeaH - arMoccpepa . 

Ta6m14a 4.1 

KoH4eHrpa41-11-1 LllOHOB AJlH aKcoHa KanbMapa 

Kom.1euTpauuu HOHOB, MMOJib/JI 

K+ Na+ ci-

CHap)')KH IO 420 500 
BHyrpH 360 70 160 
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TiosepxHOCTb 3eMJil1 rrorrriaeT OT Corrttua CBeTOBOH :rnepr1111 B cpe.zmeM 

tteMHoro 6orree I O MBrcM-
2

. 3Ta :rneprn51 rrorrromaeTC51 B sepxtt11x crro51x 

OKeaHa TOJIU(HHOH B ,lleC51TKl1 MeTpOB, a 113JI)"laeTC51 o6paTHO 113 CJ1051 TOJ1ll(l1-

HOH B ,ll0J111 M11JIJJ11MeTpa. 3TO CB513aHO e TeM, 4TO rrorrroll(aeTC51 CBeT BO BCeM 

,lll1arra30He COJIHe4HOro crreKTpa, a 113JJ)"laeTC51 B 11HcppaKpaCHOH (Tef!JIOBOH) 

o6rraCTl1 . TIOCKOJlbKY BOLla xoporno rrorrromaeT Httcj.>paKpacHbIH CBeT, OH MO)!(eT 

113Jiy4aTbC51 TOJibKO 113 TOHKOro BepxHero CJI051 OKeaHa. 

MopcKaH nosepxHOCTb srnm1errn repMOAHHaMH4ecK11 ttepasttosecttoi1 crpyKry

poì1, nocKOJJbKY 11cnapett11e BOAbl 11 11tt<t>paKpaCHoe 113ny4ett11e B arMoc<t>epy 

oxna>K,1J.a10T Ha 0,5-1,0° nosepxHocrnb1ì1 cnoì1 s 100- 300 MKM. B pe3yflbTare 

Ha nosepXHOCTH OKeaHa 06pa3yeTCS1 TOHKaSI «XOJIOAHaSI nneHKa». B B03Hl1KalO

LUeM 3Ha411Te!lbHOM rpaA11eHTe TeMneparypbl MOryr np011CXOA11Tb repMOA11<t>-

(1 <t>Y3110HHble npou,ecCbl pa3Ae!leHl1Sl 110HOB 11 opraHl1K11, Moryr <t>opM11pOBaTbCSI 

perynsipHble AHHaMH4eCKHe crpyKrypbl {K011e6aTeflbHble 11 BO!IHOBble). 

4.3 .3. n1rroTen1qeCKI1M CU:eHaptttt 

rrpOMCXO)l(,IJ,eHM51 rrpe,IJ,llleCTBeHHMKOB KJieTOK 

PacCMOTp11M HeCKOJibKO coo6pa)!(eHHH o6mero xapaKTepa OTHOCHTeJibHO 

cj.>opM11poBaHH5! rrpOTOTHIIOB KJieTOK B rrp11pO,llHbIX ycJIOBl151X. 

0CHOBHbIMl1 fIOCTynaTaMl1 6y.lleM C411TaTb CJie,llyJDll\11e : 

• Tiep110.ll «a611oreHHOH MOJiery1I51pHOH 3BOJIJQU1111» o6ecrre411JI Heo6XOLll1Mbl

M11 opraH114eCK11Ml1 Bell{eCTBaM11 rrpouecc caMoopraHH3au1111 rrpOTOKJieTOK. 

• Ha'-IaJihHbie cTa,ll1111 rrpe,ll611011or114ecKoì1 3BOJIJQ11,1111 rrpo11cxon111111 B «rrep

Bl14HOM 6yJibOHe» B 3CTyap1151X n peBttero OKeaHa, 110HHbIH COCTaB KOTOpOro 

e Tex rrop cyiuecTBeHHO He 113MeHl1JIC51 . .IJ:11cKpeTHOCTb )!(11Bb!X opraHl13MOB 

06yc11os11etta TPe6osaHl151Ml1 ::i so111D11,1111 11 ecTeCTBemwro OT6opa. B BO.llHOH 

cpe,lle 06oco611eHHOCTb o6pa30BaHl1H, CO,llep)!(am11x BO.llOpaCTBOp11Mhle 11H

rpe,lll1eHTbl, 06ecrre411saeTC5! r11,llpocj.>06HhIM11 060110YKaM11 - MeM6pattaM11 . 

• TipoTOKJieTKa .llOJI)!(Ha o6rra,llaTb orrpene11eHHhIM 3arraCOM CB060.llHOH 3Hep

r1111· .ll1151 C03,llaHH51 c11cTeM pear11posaH115! 11 pery115111,1111 ttapO)!(,llaJDiueroc51 

MeTa6011113Ma. B MopcKoì1 BO.Ile ecTeCTBeHHhIMH rrpeTeH,lleHTaMl1 Ha po11b 

peryJI51TOpOB ( crreu11cj.>114ecK11x, OCMOTl14eCKl1X, 3JieKTp114eCK11X) 51BJI511-0T

C51 HeopraH11'-!eCK11e 110Hbl. 

• K11acc114ecK11e cxeMbI B03Hl1KHOBett115! 110HHOH ttec11MMeTp1111 octtosaHbI 

Ha 113611paTeJJbHOH a,llCOp6u1111 HeKOTOphIX 110HOB MOpCKOH BO,llbl (ttarrp11-

Mep, K + 11n11 Ca
2+), 11x KOHUeHTp11posatt1111 11ottoo6Metttt11KaM11 - anJDMO

c11n11KaTaM11, KBapueM 11Jll1 )!(e KOauepsaTaMH . Ott11 Herrp11eMJieMbl, IIO

CKOJlbKY rrepepacrrpe,lleJJeH11e 110HOB MOpCKOH BO,llbl B ,llaHHOM CJJ)"lae 3a

BeprnaeTC51 TepMO,lll1HaMl14eCKl1M paBHOBec11eM - HeT 3arraca CB060LlHOH 

3Hepr1111. «Tipe.llpacnorro)!(eHHOCTb» p51,lla a,llCOp6eHTOB K KaJJl1JQ 111111 

KaJJhU11K> cymecTBeHHa .llJJ51 npoueccos peryn5111,1111. «l1rpa rrp11ponb1 Ha 
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none KaTHOHOB» CB513aHa e rrpe11MymecTBCHHO rro1111aHHOHHOÌ1 rrp11po.uoì1 

6110MaKpOMOJ1eKy11 . 

• Tip11HU11ITl1aJJbHOH xapaKTep11CTl1KOH rrepepacrrpe.ueneH~ HeopraHW-ICCKHX 

110HOB MC)f(.UY rrepB11l.JHb!Ml1 KJ1CTKaMl1 11 MOpCKOH BO.UOH .UOJ1)f(H0 6hITb rrp11-

6 1111311TCJ1bHOe OCMOmu'JeCKOe pa6e/1Cm60 rrp11 OTCyTCTBl111 TepMO.U11HaMHl.Je

CKOro paBHOBCC~. TipoCTCHUJHÌ1 sap11aHT orrpe.ueneH ecTeCTBCHHb!MH rrpH

l.Jl1HaMH - npomoKflemKa o6oramaeTC51 HOHaMH, KOTOpbIX MaJJO B MOpCKOH 

so.ue, B3aMeH TCX, KOTOpb!X TaM MHOro. KOHUCHTPaUH11 aKTl1BHblX OCMOTl1l.Je

CKHX qacTHU BHYTPH H CHap~11 rrp11MepHO paBHbl , HO BMeCTe e HOHHOH 

aCHMMCTPHCH B CHCTCMe IT051BJ151CTC51 3arrac cso6o.uHOH :mepr1111. 

• B yc11os1151 x Hecrreump11'-!ecKoro c11HTe3a opraH11qecK11x x11pa11hHhIX c o

e.u11HeH11i1 o6pa3yeTC51 HX paue Ml14CCKa51 CMCCb, 4TO 3ase,UOMO He COOT

BCTCTByeT oco6ettHOCT51M )f(J18b!X Cl1CTCM. 

)J;OJI)f(Ha 1111 6bIJia rrpttpo.ua (()f(,UaTb )) 611011or11qecKOH 3 BOJ1!0U11H 111111 MOr

n a «rrp11cTyrrHTb» K cppaKUHOH11pOBa HHIO paueMaTOB Ha rrpe.u611011orHl.JCCKOH 

CTa,UHH? 

EnecTBeHeH sonpoc: Cyll.\eCrnyeT 1111 npHpOAHa5l CHCTeMa , B KOTOpoì1 B03MO>KHO 

B03HHKHOBeH11e 06oco611e HHbJX npyKTyp - se3HKyn, o6pa3oBaHHbJX aMqm

<tJ1-1nbHb1M11 nosepXHOCTHO-aKTHBHblMH Bell.\eCTBaMH7 np11 3TOM Be3HKYllbl 

AOll>KHbl COAep>KaTb 3JleKTp0!111T, HHBeprnposaHHblÌ1 no 110HHOMY COCTaBy no 

OTHOWeH11IO K MOpCKOì1 BOAe, 11 CMeCb a6HoreHHO B03HHKWHX x11pa!lbHblX co

eAHHeHHÌ1 e Bb1pa >1<eHHblM H3MeHeHHeM COOTHOWeHH5l 11CXOAHblX L- 11 D-KOMno

HeHTOB B 11 X CMernx. 

Kor.ua )f(C, r.ue 11 s pe3yJibTaTe Ka K11x ecTeCTBeHHbIX rrpoueccos Morna 

rro»BHTbC51 )f(H3Hh Ha 3 e Mne? PacCKa3hJBaIOT, l.JTO Yl.JCHl1KH A . J1 . OrrapttHa -

KJ1aCCl1Ka, OCHOBaTCJ1 51 KoauepsaTHOH fHITOTC3bl rrp011CXO)f(,UCHl151 )f(H3HH - Ha 

CCMHHapax, KH Ba51 B CTOpOHY c soero HCMOJ10,UOro y )f(e Y'-IHTCJ151, YTBCp)f(,UaJIH, 

4TO « ITO CB11.UCTCJ1bCTBY oqes11.uues, )f(l13Hb Ha 3eMJ1e 3apo.u1111acb B 3 CTyap1151X 

M11posoro OKeaHa» . )J;ei1CTBl1TCJ1bHO, HMCCTC51 MHOro ITO.UTBCp)f(,UCHHH ) TOH 

TO'-IKH 3pemrn , 11 M bI ee rrp11.uep)f(11BaeMC5!. 0cHOBbJBa51cb Ha MaTep11a11ax npe

.Ub!.UYlllHX pa3,UCJIOB, Mb! MO)f(CM rrpe.unonaraTb, l.JTO B p a3Bl1Tl111 .upeBHCH 3eMJ111 

HMCJ1a MCCTO 611cpyp KaUH5! , B pe3yJ1bTaTe KOTOpOH TI051Bl1J111Cb .use ttepaBHOBec

Hb!C ac11MMCTp1111, cpytt.uaMeHTaJ1bHble ,UJ151 )f(l1Bb!X CHCTCM. 06e aCHMMeTp1111 

MOfJ1H B03HHKHYTb 11 , s ep051THO, B03HHKJ111 B O.UHO 11 TO )f(C speM51 11 B O,UHOM 11 

TOM )!(e MecTe B xo.ue 06m11x npoue ccos. 

B . A . Tsep.u11c110BhJM 11 11 . B. 5IKoBeHKO npe.uno)f(eHa, pa3pa6ornHa 11 3 KC

rrep11MeHTaJ1hHO o60CHOBaHa r11n0Te3a, Kaca10ma5IC5! npOHCXO)f(,UCHl151 )f(J13Hl1 

Ha 3eMJ1e, cornacHO KOTOpOH B03HHKHOBCH11e HCXO.UHO TCpMO.U11HaMl1l.JCCKl1 HepaB

HOBCCHblX ,UHCKpCTHbIX npe,UUJCCTBCHHHKOB )f(J1Bb!X KJ1eTOK CB513aHo e HepaBHO

BCCHOH «XOJJO.UHOH» nosepxHOCTHOH rrneHKOH MHposoro oKeaHa, r.ue B03HHKJ1H 

HOHH851 11 x11pa.JlbHa5! aCHMMCTPHH, CBOHCTBCHHbIC )f(HBb!M KJ1eTKaM [21 ]. TepMO

.UHHaMHl.JCCKOe HepaBHOBec11e MC)f(.UY MOpCKOH BO.UOH 11 aTMOCcpepoH B03HHKa eT 
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113-Ja oxJia)!(L(eHm1 nosepxHOCTHoro CJI05! M11posoro OKeaHa scne):(CTB11e 11cna

peH115! BOL\hI. B rpaL111eHTe TeMnepaTyphI s nosepxHOCTHOM cnoe npo11cXOL\5!T 

TepMOL\11cpcpy3110HHbie, KOHBeKU110HHbJe 11 3JieKTpOXl1Ml14eCKl1e npouecCbl, Bbl-

3bJBaJOIU11e nepepacnpeL(eJieH11e 110HOB 11 x11paJibHbIX opraHl14eCKl1X MOJieKyJI 

Me)!(L(y o6beMHOÌ1 cpa30H BOL(bl 11 XOJIOL(HOH nJieHKOH. 

Ilp5!MhJe Ha6JIJOL(eHl15! fIOKa3aJI11, 4TO XOJIOL(Ha5! nJieHKa Ha BOL(HOH no

sepxHOCTl1 L(eHCTBl1TeJibHO cymecrnyeT. 0Ha ycTOH411Ba 11 np11 pa3pyrueHl111 

soccTaHasn11saeTc5! Ja ):(01111 ceKyHL\bI. Ilepena):( TeMnepaTyphI B Heì1 Ha nep

BbIH s3rm1.L1 Hesen11K - 0,5-1,0 K. Ho ecn11 yqecTb, 4TO 3TOT nepena):( np11xo

Lll1Tc5! Ha CJIOH TOJIIU11HOH OKOJIO 0,5 MM, TO cpe):(Hl1H rpaL111eHT TeMnepaTypbl 

6y.[(eT He MeHee 1000 K-M-
1
, a B caMOM BepxHeM CJIOe OH MO)!(eT 6bl.Tb 3Ha411-

TeJibHO BhIIIIe. 

B TOHKOM nosepXHOCTHOM CJIOe KOHUeHTpaU115! COJieH BhJIIIe, qeM B BOL(e 

Ha rnytfaHe, fIOCKOJibKY COJ111 He 11cnap5!IOTCll BMecTe e BOL(OH. Pa3Hble 110Hhl 

11MeJOT pa3HhJe K03cpcp11u11eHTbl L\11cpcpy31111, fI03TOMY B HepaBHOBeCHOM no

BepXHOCTHOM CJIOe OKeaHa COOTHOIIIeH11e 11X KOHUeHTPau11ì1 MO)!(eT OTJ1114aTbC5! 

OT COOTHOIIIeHl15! KOHUeHTpau11H Ha rny611He. 

HepaBHOMepHOCTb pacnpeL1eJieH115! 110HOB Me)!(L\Y nosepxHocTHbIM 11 rny-

611HHhIM (6onee 0,5 M) CJ10l!Ml1 xapaKTep113yJOT K03cpcp11u11eHTOM cppaKUl10Hl1-

posamu1: 

[K 5 ]·[Nab] 

al= [Na
5
]·[Kb]' 

(4.16) 

r):(e [K]s, [Na]s - MOJ15!pHbJe KOHUeHTPau1111 110HOB KaJil15! 11 HaTPl15! B nosepxHO

CTHOM CJIOe MOpCKOH BOL(bl, [K]b, [Na)b- MOJ15!pHbJe KOHUeHTPau1111 110HOB KaJIH5! 

H HaTPl15! B o6beMHOH cpa3e MOpCKOH BOL(bl. TaKOH )!(e K03cpcp11u11eHT cppaKUl10HH

poBaHl15! MO)!(HO 11CfIOJib30BaTb LlJ15! on11caHl1ll ac11MMeTPHH pacnpeL(eJieHl15! 110HOB 

Me)!(L(y KJieTKOH 11 OKp~aJOIUeH cpe):(OH, HO TOrL(a HHL(eKCbl s H b 6yLlYT OTHOCl1Tb

Cll K BHYTPH- 11 BHeKJieTOLIHOH cpeL(aM COOTBeTCTBeHHO. )J,J15! 60JibIIIHHCTBa KJieTOK 

K03cpcp11u11eHT pa3L(eJieHl15! 110HOB KaJIH5! H HaTPHll paseH 50--100. 
ABTOpbI 11CCJieL(OBaJil1 COCTaB nosepxHOCTHOH nJieHKH B IìeJIOM, lJepHOM, 

Kacm1ì1cKoM 11 ..sinoHcKOM MOp5!X. Ilo nOHl!THbIM np11q11HaM, TaM, r):(e BJia)!(

HOCTb 6Jil13Ka K a6cOJIJOTHOH 11 11cnapeH11e Ml1HHMaJihHO (3TO Iìe11oe MOpe, 

yH11sepc1neTCKal! 611ocTaHUHll Ha Ilo11HpHOM Kpyre), xono):(Hal! n11eHKa npaK

T11qecK11 OTCYTCTByeT 11 cppaKU110H11pOBaH11e 110HOB He3Ha411TeJibHO. IlpOTl1BO

noJIO)!(Ha5! c11ryau11ll OTMe4eHa Ha KacnttHCKOM MOpe: TeMnepaTypa BhICOKa, 

B03L\YX cyx, 11cnapeHtte BOL(bl 3Ha411TeJibHO, XOJIOL(Ha5! nneHKa KOHTPaCTHa, 

cppaKUl10HHpOBaH11e MaKCl1MaJihHO. 

B pe3yJibTaTe TenJIOMaccoo6MeHa Me)!(L(y MOpCKOH BOL(OH 11 aTMOccpepoH 

nosepxHocTHa5! nneHKa o6oramaeTCll 110HaM11 Kan1151 11 KaJibU115!, a TaK)!(e OL\

H11M 113 3HaHTl10Mepos paueM11qecKOH cMec11 aM11HoK11CJIOT. B cnyqae, KOrL(a 

nosepxHOCTh MOpCKOH BOL(bl fIOKphl.Ta MOHOCJIOeM J111fil1L(OB, ac11MMeTPl14HOe 

11 HepaBHOBeCHOe pacnpeL(eJieH11e KaTl10HOB Me)!(L(y nepB114HOÌ1 KJieTKOH 11 BO-
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.uoH:, a TaKJKe x11paJibHaH aCHMMeTp11H aMHHOKHCJIOT 11 yrneBO,UOB, xapaKTep

Hbie .UJIH 6110norw1eCKl1X CHCTeM, cpHKCHpy!OTCH npH cno~ITaHHOM 3aMbIKaHHH 

JIHTIH.UHhIX ny3hlpbKOB-Be3HKYJI B xo.ue o6pa30BaHHH a3p030JieH: np11 pa3phrne 

B03.UYWHhIX ny3hipeH: y nosepxHOCTH BO.Uhi. 

I1HBepT11posaHHOCTb HOHHOro COCTaBa XOJIO.[{HOH nneHKH Hatt6onee HpKO 

npOHBJJReTCH npH 06pa30BaH1111 <<nJieHOlfHbIX» MHKpo6pb13r, B03HHKa!Oil.\HX 

npH pa3pbIBe ny3hipeH: B03.Uyxa, TIO.UHHMa!OmHXCH Ha nosepxHOCTb MOpH 

(p11c. 4.4). Pa3MepbI 3THX KaneJih - OT I .uo IO MKM - BnOJIHe cooTBeTCTBY!OT 

«Tpe6y!Oil.\HMCH» pa3MepaM npe.uwecTBeHHHKOB KJieTKH. bOJiee rnlKeJibie «pe

aKTHBHbJe» KanJIH, KaK npaBHJIO, na,Ua!OT o6paTHO. C yqaCTHeM MHKpo6pbI3r 

cpopMHPYJOTCH o6JiaKa. 

0KOJJO 50 JJeT Ha3a,U P. ,[{lK. foJI.[{3HKp o6paTHJI BHHMaHHe Ha TO, lfTO qac

THl..(bl MOpCKHX a3p030JJeH:, o6pa3y!Oil.\HXCH npH pa3pyweHH11 BOJJH, JionaHHH 

nB03.UYWHbIX ny3blpbKOB y nosepXHOCTH BO.[{bl H T. n ., HMe!OT pa3Mepb1 KJJeTOK, 

H npe.unoJJOlKHJJ, lfTO OHH MOrJlH HrpaTh KaKy!O-TO pOJJb B npoueccax npe.u6110-

JIOrH'leCKOH 3BOJJ!Ol.(HH. 0.uHaKo HMeBWHXCH Tor.ua .uaHHbIX 6bIJIO He,UOCTaTOlf

HO, lfT06hl 3TO npe.unoJJOlKeHHe o6oCHOBaTb [22]. 
3KcnepHMeHTbl TIOKa3aJIH, lfTO COJieBoif COCTaB nJieHOlfHbIX KaneJib COOT

BeTCTByeT COJieBOMY COCTaBy TOHKOrO nosepxHOCTHOro CJIOH OKeaHa B TOM 

MeCTe, r.ue OHH o6pa3oBaJIHCb. 3TO 03HaqaeT, lfTO a3p030Jlb co.ueplKHT OTHOCH

TeJJbHO 60JibWe 110HOB KaJIHH, lfeM MOpCKM BO,Ua, H MeHbWe HaTpHH ( o6JiaKa e 

Ha1160JJhWHM co.ueplKaHHeM KaJIHH cpopM11py10TCH Ha.u KpacHhIM MopeM). Ilo.u

xBalfeHHhie B03.UYWHbIMH TIOTOKaMH IIJieHOlfHhie KaTIJIH Moryr HaXO.UHTbCH B 

aTMoccpepe .uo Tpex JleT H 3a 3TO BpeMH no6hJBaTh B pa3Hb!X KJJHMaTHlfeCKHX 

30Hax - OT TIOJIHpHbIX .uo 3KBaTopHaJJbHblX . 

ob 
a · ·a . o 
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~:: 

- - - _-_-_____ - ...:::---- - - -

OI!i\ll~if il 
P111c. 4.4. MexaH"13M 06pa3osaH1-1s:i aapo3ons:i npi.1 6ap6ornposaH1-11-1 nosepxHocrn 
pacrnopa. nocneAOBarenbHble CTaA"1"1 pa3pyweH1-1s:i ny3blpbKa Ha nosepxHocrn 

OTMeYeHbl 41-1cppaM"1 OT 1 AO 4; a - nneHOYHble Kanni.1 e "1HBeprnposaHHblM "10HHblM 
COCTaBOM MOpCKOlil BOAbl , b - peaKH1BHble Kanni.1 
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AMcjmcjll1JihHhle coe,n1rnemui, K KOTOphlM OTHOCHTC.H H cjloccjloJIHilH,l(hl, 06-

na,naJOT nosepxHOCTHOH aKTHBHOCThJO, T. e . KOHUeHrpHpyJOTC.H Ha rpaHHUe pa3-

,nena OKeaH - aTMOCcjlepa. :::ho npHBO.UHT K TOMy, 1-!TO H nosepXHOCTh a3p030Jlh

HhlX KaneJih 0Ka3hJBaeTC.H noKphlTOH MOHOCJIOeM aMcjlttcjl1.rna. Ilo Mepe HCnape

HH.H BO.Uhi MOHOCJIOH KOH,l(eHCHpyeTC.SI, CTaHOBHTC.SI IlJIOTHhlM H 3aTpy.UH.SieT 

.UaJihHeiiwee ychIXaHHe Kanntt. ,L(JIHTeJihHOe ITYTewecTstte a3p030JihHOii KanJIH B 

BepXHHX CJIO.HX aTMOccjlephl C03,naeT 6narorrpH.HTHhJe YCJIOBH.H ,l(JI.H CHHTe3a HeKO

TOphlX opraHH'IeCKHX coe,nHHeHHH, B LiaCTHOCTH )!(HpHh!X KHCJIOT. IlpH na,neHHH 

a3p030JlhHOH 'IaCTHUhl o6parno Ha IlOBepXHOCTh BO.Uhi OHa cjlopMttpyeT BTOpoii 

CJIOH MOJieKyJI aMcj>HcjlttJia, HanpttMep cjloccjloJIHilH.Ua, H OKa3bJBaeTC.SI nOKphlTOH 

~e 6ttCJIOHHOH MeM6paHOH. IlOCKOJibKY MOJieKyJihl BTOporo CJIO.H o6parueHhl 

Hap~y CBOHMH IlOJI.HpHh!MH Y'faCTKaMtt , TaKa.SI Be3ttryJia JierKO rrorp~aeTC.H B 

so.uy. OT,neJihHhie crn,nHH onttcaHHOro npouecca noKa3aHhI Ha pttc. 4.5. 
TaKHM o6pa30M, cyruecTByeT ecTecrneHHhiii npouecc, KOTOphiii rrpttso,nttT 

K cjlopMHpOBaHHIO OTHOCHTeJihHO CTa6ttJihHblX Be3HKYJI, IlOKpbIThlX 6ttCJIOHHOH 

(JIHilH.UHOii) MeM6paHOH, HMeJOIUHX KJieTOL!HbJe pa3Meph1 H COJieBOH COCTaB, 

HHBepTttpoBaHHblH 110 0,l(HOBaJieHTHhlM KaTHOHaM 110 OTHOWeHHIO K MOpCKOH 

BO,Ue . O,ntto :no Bhl,UBttraeT TaKtte Be311KYJihl B LIHCJIO KaH,Utt,UaTOB Ha pOJih 

rrpe,nwecTBeHHHKOB KJieTOK. 

0Ka3aJIOCh, 'ITO HepaBHOBeCHhlH IlOBepxHOCTHhJM CJIOH BO.UHOro paCTBOpa 

o6na.uaer eme O.UHHM 3aMe'!aTeJlbHhlM CBOHCTBOM : a3p030JlhHhie KailJIH, IlOJIY'IeH

HhJe H3 pacTBopoB paueMH'!eCKttx CMeceii aMHHOKttCJIOT, o6oraruetthI L-3HaHTtt-

P111c. 4.5. CTa.QHH 06pa3osaHH>1 fa1cnolilHolil 111-1ni.1.QHolil Be3HKYllbl npH na.QeHHH Kanm11 
aapo3on>1 Ha nosepxHOCTb oKeaHa: 1 - Kan11>1 aapo3on>1, noKpblTaH pa3pe>KeHHb1M 
MOHocnoeM aMcPHqmna; 2 - KOH,QeHC81..1H>l MOHOCJlO>l aMcPHcPHna npH HcnapeHHlll 
Kann111; 3 - «O,QeBaHllle» Kan11111 BTOpblM MOHOCllOeM np111 na,QeHlllH Ha nosepXHOCTb 

oKeaHa; 4 - ccPopM111posaswa>1cH se3HKyna 
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OMepoM cooTBCTCTBYJOIUeif aM11HOKl1CJIOThI no cpasHeHHJO e ee D-3HaHTl10-

MepoM. IIpeo6Jia.naH11e o.nHoro 113 3HaHTl10Mepos B cMec11 xapaKTep113yJOT K0-

3cpcp11u11eHTOM x11paJibHOH ac11MMeTp1111 (nom1p113au1111) : 

[L]-[D] 
17 = [L]+[D]' 

(4.17) 

r.ne B KBa.npaTHh!X CK06Kax - KOHUeHTpau1111 COOTBCTCTBYIOIUl1X 3HaHTl10Me

poB. B 3Kcnep11MeHTax e pacTBopaM11 saJIHHa, Jieì1u11Ha 11 rnJOTaM11Ha 6hm11 

DOJIY'iCHhl 3Ha'ieHl1ll 17 B .n11ana30He OT o .no 0,05, np114CM cppaKUl10H11posaH11e 

3HaHTl10MepOB 3aBl1CCJIO OT CTeneH11 HepaBHOBCCHOCTl1 nosepxHOCTHOro CJIOll 

11 11cqe3a110 B paBHOBeCHh!X ycJI0811l!X. 

3T11 .uaHHbie 6bIJil1 noJiy'ieHbl e DOMOIUhJO 5IMP. B DOCJie.nHee speMl! 6b!JI 

pa3pa6oTaH HOBbIH MeTO.n onpe.neneHHll cppaKU110H11p0BaHHll 3HaHTl10MepoB XH

PaJlhHhIX COC.lll1HCHl1H, OCHOBaHHblH Ha oco6eHHOCTl!X OYpa)!(eHHl! MOIUHOfO na-

3CpHoro mnyqeHHl! (rnK Ha3b1BaeMa.si reHepaUHl! BTOpoif ODTl1'ieCKOH rapMOH11KH) 

OT nosepxHOCTH pacTBopa. 3Kcnep11MeHThl e 11CDOJib30BaHl1CM '.}TOfO MeTo.na TaK

)!(e no.nTBep)!(JlaJOT HaJil1'-IHe c~paKU110H11pOBaHHl! 3HaHTl10MepOB aMHHOKHCJIOT 11 

caxapoB Ha HepaBHOBeCHOH rpaHHUC pa3.UeJia pacTBop - 803.llyx (23] . 
lfro KacaeTCll MexaHl13MOB cppaKU110H11pOBaH11ll 3HaHTl10MepoB aMl1HOK11C

JIOT, TO caMbie 06m11e coo6pa)!(eHl1ll o pa3.neJieHl111 x11panbHb!X MOJICKYJI B KOM-

611H11poBaHHhlX rpas11Tau110H HblX, MarHHTHbIX, 3JieKTp111ieCKl1X DOJil!X B CO'ieTa

H1111 e KOHBeKu11eì1 np11se.ueHbI 0 pa6oTax B. A . AseT11cosa, B. H. foJih.llaHcKo

ro 11 B. B. Ky3hMHHa (24, 25]. 8 Hl1X asTOpbI np11.nep)!(11BaJOTc.si TO'-IKl1 3peH11.si, 

cornaCHO KOTOpoif .UHCKp11Ml1HaUHll 3HaHTl10MepoB B paueMaTe aMl1HOKl1CJIOT 

CBll3aHa e HeO.llHHaK080H KHHeTHKOH o6pa3oBaHl1ll fOMOX11paJihHbIX 11 reTepo

x11paJibHbIX non11ne n TH.llHhIX uenefi, a 11H11U11aUHl! « npe11My1UeCTBa» .llJill 0.llHO

ro 113 3 HaHTl10Mepos 8bl38aHa KaKOH-JI1160 cj:>JiyKTYau11eì1 . 

.[(Jill pa3.neJieHl1ll CMeCH '.} HaHTHOMepOB .llOCTaTO'iHO 803.lleHCT811ll HeKOTO

pb!X cp11311qecK11x cpaKTopos , Hanp11Mep u11pKyJillpHo noJI.sip113oBaHHoro cseTa, 

11Jil1 KOM611Hau1111 KOH8CKU1111 e DOCTOl!HHh!M MarHl1THhlM DOJieM DJIJOC DOCTO

l!HHOe 3JieKYpl1'-ICCKOe HJIH rpa8HTaUl10HHOe DOJie. 803M0)!(Hbl KOM6HHau1111 

DOCTOl!HHOro MarHl1THOfO non.si 11 Jll1HCHHO DOJillp1130BaHHOro CBeTa 11 T. n. IIo

CKOJibKY Haum 3KCnep11MCHTbl npOBO.U11Jil1Ch B TCMHOTe, .neì1CTBl1e CBCTa MO)!(

HO He yqttTbJBaTb. 0.nHaKO DOCTOl!HHOe 3JieKTp111ieCKOe noJie Ha rpaH11ue pa3-

.neJia cpa3 scer.na cymecTsyeT, KaK 11 nocTOl!HHOe MarHl1THoe noJie. Ilp11 11cna

peH1111 BO.llhl 803Hl1KaJOT KOHBCKUHOHHbJe DOTOK11 - «BpameH11e». TaKl1M 

o6pa30M, He06XO.lll1MblH Ha6op .u11cpcpepeHu11pyiom11x x11panbHbie MOJieKyJihl 

cpaKTopoB Ha rpaH11ue OKeaH - aTMOCcpepa 11MeeTCll . 

<l>aKTOpOM OT6opa 3HaHTl10MepoB B nosepxHOCTHOM CJIOe MQ)!(CT 6b!Tb 

BJIHllHHe co6CTBCHHOro 3JieKTp11qecKoro DOJill TOHKOro nosepxHOCTHOro CJIOll B 

COBOKYDHOCTl1 e reoMarHl1THb!M DOJieM 3eMJil1 11 TepMOKOHBeKu11eì1 Ha cpopM11-

poBaH11e accou11aTOB MOJieKyJI aMl1HOKl1CJIOT. 06Hapy)!(CHHOe cppaKU110H11pO

BaH11e 3HaHTl10MepoB HeBeJIHKO, HO ero BDOJIHe .UOCTaTO'iHO .llJlll pean113au1111 
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CTapTOBOro 3BOJIIOU110HHOro npe11MylUeCTBa roMox11paJihHOCTl1 onpe.ueneHHO

ro Tl1Da np11 o6pa30BaHl111 non11nenT11.UOB 11 DOJil1HYKJieOT11.UOB. 

HanoMHl1M, 4TO B 3Kcnep11MeHTe, B paBHOBeCHblX ycnos11Hx, Korna He npo11cxo

n11r 11cnapeHl1H BOAbl, XO/lOAHaH nneHKa He cjJOpM11pyerrn 11 cjJpaKU,110H11pOBa

Hl1H 110HOB 11 3HaHTl10MepoB He npo11CXOAl1T. 

TaK11M o6pa3oM, ycTaHOBJieHo, •no, Kor.ua Ha nosepxHOCTH pacrnopa Ha

xoni-ITcH pa3pe)l(eHHhIH MOHOCJIOH cpoccpon11n11.uos, np11 pa3pbrne Ha HeH ny-

3hiphKOB B03.Uyxa o6pa3y!OTCH Jil1D11.UHbJe Be311KYJihl, 3axsaTb1Ba10m11e paCTBOp 

113 nosepxHOCTHoro cno», o6orameHHbIH 110HaM11 Kan1151 11 KaJibU11H 11 L-aM11Ho

Kl1CJIOTaM11 (p11c. 4.5). I1o.uo6Hble o6pa30BaHl151 MOrYT paccMaTpHBaThC51 KaK 

npoTOTHDhI KJieTOK, cnoco6HhJe cny)l(11Th 06beKTaM11 oT6opa s npouecce 6110-

nor111-1eCKOH 3BOJIIOU1111. 3Ta 11.ue» HeO.UHOKpaTHO o6c~.uanacb B Jil1TepaTYPe, 

O.UHaKO BHe CB51311 e HOHHOH 11 x11paJihHOH ac11MMeTp11eH. 

06Hap~eHHOe cppaKUHOH11posaH11e ::rnaHTJfOMepos HeBeJIHKO, HO ero BDOJI

He .UOCTaT04HO .un» peaJI113aU11Jf 3BOJIIOU110HHOro npe11MymecTBa roMOX11paJihHO

CTl1 onpe.ueneHHOro THna np11 o6pa30BaHl111 non11nenTH.UOB 11 non11HyKJieOTl1.UOB. 

<l>aKTOpOM OT6opa 3HaHTl10MepOB B nosepXHOCTHOM CJIOe MO)l(eT 6bITh BJI11$1HHe 

co6CTBeHHOro 3JieKTPl1LleCKOro DOJI$1 TOHKOro nosepXHOCTHOro CJIOH B cosoeyn

HOCTl1 e reoMarH11THhIM noneM 3eMJil1 Ha cpopM11posaH11e accou11aTOB MOJieeyn 

aM11HOKl1CJIOT. B ycnOB11$1X TepMO.U11HaM11L1eCKoro pasHosec11$1 Me)l(.lly BO.UHOH 11 

B03.UYllIHOH cpa3aMl1 110HHOro 11 x11paJihHOro cppaKU110H11pOBaH11$1 He np011CXO.U11T. 

TaK11M o6pa3oM, cne.uyeT cq11TaTb ycTaHOBJieHHhIM, LITO B HepasHosec

HOM nosepXHOCTHOM BO.UHOM CJIOe np011CXO.U11T nepepacnpe.ueneH11e 110HOB 11 

L-/ D-3HaHTl10Mepos aMl1HOKl1CJIOT 11 yrnesonos. Eonee Toro, 110HhI KaJI11H yc11-

n11sa10T KOHI.J;eHTp11posaH11e L-3HaHTl10Mepos aM11HOK11CJIOT s nosepxHOCTHOM 

M11KpOCJIOe BO.Uhi. I1Hh!Ml1 CJIOBaM11, npou,eCChl B03Hl1KHOBeHl1H 110HHOH 11 Xl1-

paJihHOH aCl1MMeTp11H 51BJI51IOTCH conpH)l(eHHh!MH. 

B csoew pa6oTe MhI nposon11M 06ocHosaH11e r11noTe3hI, LITO 30HOH, rne 

np011CXO.UHT KOHueHTp11posaH11e, cppaKI.J;l10H11pOBaHHe 11 TpaHccpopM11poBaH11e 

«.uo611onorttL1ecK11x» opraH11L1ecK11x semecrn 11 r.ue B npoTOKJieTKax MoryT 

cpopM11poBaThCH ycTOHLll1Bh!e UHKJihl penJI11Kau1111 11 6110Cl1HTe3a, CJI~l1T TOH

Kl1H fIOBepXHOCTHh!H CJIOH M11posoro OKeaHa - XOJIO.UHaH ITJieHKa. ,[{JI51 HaC 

Ba)l(HO He TOJihKO TO, 'lTO M11Kp0CJIOH HBJIHeTC51 cymecTsem~o HepaBHOBeCHOH 11 

HeJI11Heìioìi TepM03JieKTpo.u11cpcpy3110HHOH Cl1CTeMOH, HO Jf TO, LITO B HeM B03-

HHKalOT CJIO)l(Hhle KOHBeKTl1BHhie HBJieHl1H. B paMKax pa3Bl1BaeMoro no.uxo.ua 

HaM npe.ucTaBJIHeTC51 Heo6XO.U11Mh!M nepeHTl1 OT pacCMOTpeHl151 Tpa.u11u110HHh!X 

pacnpe.ueneHHhIX aKTl1BHhIX cpe.u B rpaH11uax TepMHHOB «peaKu11» - .u11cpcpy-

311H» K 6onee CJIO)l(HOH 11 «6oraTOH» .UJI51 paCCMOTpeHl1H BO.UHO-MaKpOMOJie

KYJI51pHhIX c11cTeMe - <<peaKU11» - n11cpcpy31151 - MexaHox11Ml1»». 

MexaHOXl1M11$1 113yqaeT x11M11L1ecK11e npespameHM semecTB np11 MexaH11-

L1ecK11x B03.UeHCTBl1HX, np11 .uecpopM11posaH1111, TpeHl111, y.uapHOM C)l(aTl111. JJ:eno B 

TOM, LITO 3Hepr11$1 MexaH11L1eCKl1X B03.UeHCTBl1H Ha TIOJil1Mephl MO)l(eT JIOKaJil130-

BaThCH H, B npHHUHTie, OKa3hJBaeTCH .UOCTaTOLIHOH .UJIH pa3ph1Ba XHMHLleCKHX 
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.nocnrraTh OlJeHh 60Jihllll1X 3HalJeHl1H (400 K)J;)K/MOJih 11 6oJiee), .!lOCTaTOlJHh!X 

.umi npoTeKamu1 Xl1M11'1eCK11X peaKUl1H, He 11.uym11x caMonp0113BOJihHO. o BeJil1-

lJ11He :mepr1111, CB~l3aHHOH e .uecpopMaUHllMl1, MO)f(HO CY.!ll1Th, Hanp11Mep, no TOMy, 

lJTO np11 pa3JiaMh!BaHl111 KYCKa caxapa Ha6mo.uaeTCH Cl1Hee CBe'leH11e. 

ll3-3a HaJil1lJl151 rpa.u11eHTOB CKOpOCTl1 B r11.upo.u11HaM11lJeCKl1X TIOTOKax B 

np11MeCHh!X qacT11uax MOryr B03Hl1KaTh MexaH11lJeCK11e HanpH)l(eHl1H, KOTOph!e 

He pacnpe.ueJIHIOTCH paBHOMepHO no o6'heMy lJaCT11Uhl (MOJieKyJih1), a KOHUeH

Tp11pyIOTCH Ha «Heo.uHopo.uHocrnx» crpyKTyphI, MOJieKyJIHpHoì1 11JI11 tta.UMOJie

KYJIHpHoì1, B CBH311 e lJeM 0.!lH11 11 Te )!(e peaKU1111 Moryr npoTeKaTh no-pa3HOMY 

s pa3Jil1'1HhIX qacrnx noTOKa. HaM npe.ucTaBJIHeTCH snoJIHe peaJihHhIM yqacT11e 

.u11HaM11lJecK11x KOHBeKTl1BHhIX CTPYKTYP nosepxttoCTHOro M11KpocJIOH B Mexa

ttox11M11lJecK11x npespameH11Hx penJI11KaT11BHhIX KOMnrreKcos B npoueccax 

nepB11'1HOì1 no.uroHKl1 11 oT6opa. B pa6oTe [26) norryqeHhI cpornrpacp1111 rn.upo

.u11ttaM11'lecK11x M11KpOCTPYKTyp, B03Hl1KaJOU{l1X Ha nosepxHOCTl1 11cnapHIO

meì1cH BO.Uhi. <l>opMa nosepxHOCTHh!X TepMOCTPYKTYP 3aBl1Cl1T OT ueJioro pH.ua 

cpaKTopos: TeMneparyphl )1(11,!lKOCTl1 11 0Kp~aiomeì1 cpe,!lhl, BJia)l(HOCTl1, TOJI

ll{l1Hhl CJIOH )1(11,LIKOCTl1, cpopMhl 11 pa3Mepos cocy.ua, BH3KOCTl1 11 IIOBepXHOCTHOro 

Harn)f(eHHH, 11CXO.UHOH TeMnepaTyphl B03Hl1KIIIeì1 TepMOCTPYKTYPhI (p11c. 4.6). 
BhIIIIe MhI rosop11rr11 o KJiacc11qecKoì1 pa6oTe EeHapa, tta6JIJO.UaBIIIero H'leì1K11, 

~,,,Q 

a) 6) 

P11c. 4.6. nocne.QosarenbHOCTb repMorpaMM, Ha6nt0.QaeMb1X B V1K-.Q11anaJ0He 
8-12 MKM KOHB8KTl1BHblX CTPYKTYP B npo1..1ecce OCTblBaHl1H BOAbl / 11cnapeHl1H BOAbl 
e noaepXHOCHI B a) - npHMOYrDilbHOM pe3epayape pa3MepoM 35 X 24 X 2 CM 11 
B 6) - KpymoM pe3epayape A11aMeTpOM 17 CM. B neBOM Hl1)f{H8M ymy Ka)f{.Qoro 
Ka.Qpa yKaJaHo apeMH a ceKyH.Qax. TeMneparypa BOAbl 26-36 °C, reMneparypa 

B KOMHaTe 21,5 °C [26] 
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CB513eì1: B MaKpOMOneKynax. )l,a)!(e B M51rKMX ycnoBJUIX pa.3BJ1BaeMhie Hanp.sI)!(eH!UI 

3HatnnenhHO npesocxo.wn npo'IHOCTh CB.!13H C-C ( :rneprtt.11 :noì1: CB.!13H pasHa 

npttMepHO 5-10- 19 
)],)!() . Pa3ph!B MaKpoMoneeyn B none MexaHH'!eCKHX CHn -

MexaHo.uecTpyKUH.11 - conpOBO)!(,llaeTC.11 B03HHKHOBeHHeM CB060.llHh!X pa,llHKa

noB, cnoco6Hh!X aKTHBH3HpOBaTh H HHHUHHpOBaTh B onpe.ueneHHhlX ycnOBH.!IX 

XHMHlJ:eCKHe npouecchl. YMeHhll!eHHe :rneprHH XHMH'leCKHX CB.!13eì1: B MaKpOMO

neKyID!pHh!X uem1x B pe3ynhTaTe yaen11'leHH.11 Me)!(aTOMHhIX paccTO.sIHHì1 no.u 

.ueì1:CTBHeM MeXaHHlJ:eCKHX Hanp.sI)!(eHHH MO)!(eT TaK)!(e aKTHBHpOBaTh npoueCChl 

OKHCneHH.sI, TepMHlJ:eCKOH, XHMHlJ:eCKOH 11 .upyrwx BH,llOB HX )leCTpYKUHH. Mexa

HO,lleCTpyKUH.11 conpOBO)!(,llaeTC.11 3HalJ:HTenhHhIM H3MeHeHHeM acero KOMnneKca 

cpH3HKO-XHMH'lecKHX caoì1:cTB nonwMepa - YMeHhll!eHHeM MoneKympHoì1: Mac

ChI, IlO.!IBneHHeM HOBhIX cpyHKUHOHanhHhIX rpynn, H3MeHeHHeM paCTBOpHMOCTH, 

B03HHKHOBeHHeM CHCTeMhl npoCTpaHCTBeHHhIX CB.!13eì1: H T. ,Il. )l,ecpopMaUH.11 MaK

pOMOneKyn npHBO,llHT He TOllhKO K H3MeHeHHIO HX cpopMhl, HO H K HaKonneHHIO B 

HHX .uecpeKTOB, H3Memll01Ul1X cp11311KO-XHMHlJ:eCKHe CBOHCTBa, B TOM lJ:HCne peaK

UHOHHYIO cnoco6HOCTh. HapH.llY e '.)THM MexaHw1ecKoe B03)leHCTBHe Ha CHCTeMhl 

H3 HeCKOllhKHX nonHMepoB 11n 11 non11Mepa H MOHOMepoB Il03BOn.sieT ocywecT

BHTh CHHTe3 HOBh!X nonHMepoB B pe3ynhTaTe B3aHMO,lleHCTBH.!I MaKpopa,llHKanoB 

pa3nH'IHOro CTpOeHH.11 .up yr e .upyroM HRH e MOHOMepaMH. 

HH'IYTh He MeHee 3Ha411MOH .un.11 MexaHOXHMHH 6110MoneKyn npe.ucTaan.11-

eTc.11 o6naCTh 6onee cna6bIX MexaHHlJ:eCKHX B03)leHCTBHH, COH3MepHMhlX e 

'.)HeprH.!IMH HeKoBaneHTHblX Me)!(MOneKyn.11pHhIX B3aHMO)leHCTBl1H, - BaH-.uep

aaanhCOBhIX B3aHMO,lleHCTBHH , BO.llOPO.llHhlX CB.!13eì1: , 6naro.uap.11 KOTOpbIM MOne

KYJI.hl 6HononHMepoa MoryT npttHHMaTh onpe.ueneHHYIO npocTpaHCTBeHHYIO 

CTPYKTYPY - TpeTH'IHYIO 11 YernepTH'IHYIO . )l,eì1:cTBHTenbHO, o6IUHM caoì1cT

BOM cpyHKU110Han h HO aKTHBH hl X HyKneHHOBhIX KHCROT H 6enKOB HBn.sieTC.11 cno

co6HOCTh K Bb!COKOc n eu11cp114 e CKOMy KOMnneMeHTapHOMY B3aHMO,lleHCTBHIO e 

onpe.ueneHHhlMH n apn1epaMH , 4TO npHBO)lHT K o6pa30BaHHIO KOMnneKCOB, 

.llOCTaTO'IHO rrpO'IH bIX CTpyKTyp, CB.sI3aHHh!X Me)!(.uy co6oì1: HeKOBaneHTHh!MH 

CB.113.!IMH. TipocTpaHCTBe HHOe Y3HaBaHHe OCHOBaHO Ha cywecTBOBaHHl1 y 6110-

nonHMepa npH onpe.ueneHHOH TpeTH'IHOH CTPYKTYPe o6nacTH, y KOTOpoì1: cpa3y 

n .o HeCKOllhKHM TOlJ:KaM MO)!(eT npOH30HTH B3al1MO)leì1cTBHe e napTHepoM. no

cne)lHHH, ecTeCTBeHHO, TaK)!(e .llOR)!(eH HMeTh B3aHMHOOpHeHTHpOBaHHhie TO'l

KH, npe.uHa3Ha'!eHHbJe .unH y 3HaBaH11.11 . B KOMnneMeHTapHbIX B3aHMo.ueì1cTBH.sIX 

yqacTBYIOT '.)fleKTpH'leCKHe 3ap51.llbl , .llOHOphl H m.~enTOph! Heno.ueneHHOH naphl 

3neKTpOHOB, cnoco6Hbie o6pa3oBaTb so.uopo,nHyIO CB.!13h, i-inw .use Herron.11pHhie 

o6naCTH, crroco6Hhle K rn.upocpo6Hb!M B3aHMO,lleHCTBH.!IM . 

lfa6hITO'IHa.11 nosepxHOCTHaH 3 HeprH.11 np11 YMeHhll!eHHH pa.3Mepos '!aCTHUhI 

cHa'!ana yaen11'!11BaeTc.11, a 3aTeM na.uaeT, B CB.!13H e '!eM H peaKUHOHHM cnoco6-

HOCTh lJ:aCTHU MO)!(eT 3aBHCeTh OT HX pa.3MepoB. 3TOT 3cpcpeKT xopo1110 H3BeCTeH 

KaK MexaHoaKTHBaUH.11 H HCnOnh3yeTC51 B TeXHHKe H npOMhlll!lleHHOCTH .Un.li no

nyqeHH.11 npO'IHhIX CTpOHTenhHhlX MaTepHanoB (HanpHMep, CHflHKaflhUHTa) 3a 

ClJ:eT H3MellblJ:eHH.!1 COCTaBn.sIIOIUHX ero KOMilOHeHTOB. IlpH MexaHH'leCKHX .ue

cpopMaUH.sIX KOHI!eHTpaUH.11 3HeprnH Ha .uecpeKTax CTpYKTYPhl KpHCTannoB MO)!(eT 
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KOTOpble B03HMKamt B rro.norpesaeMOM CHM3Y )!(11.!lKOM )f(Mpe KalllaJJOTa. CXO)f(Me 

TepMOCTPYKTypbl qiopMMPYJOTC51 B rrosepXHOCTHhlX CJJ051X BO.!lhl rrpM 11crrape

HMl1 BO.!lhl e rrosepxHOCTHOro MMKpOCJJ051. MexaHl13M MX qiopMMpoBaHM51 CB51-

3aH e KOHBeKUMeH P3JJe51- DeHapa B TOHKOM rrosepXHOCTHOM cnoe )!(11.!lKOCTM, 

r.ne KaK pa3 11 qiopM11pyeTC5! XOJJO.!lHa51 rrneHKa. 

B 3TOM OTHOllleHl111 HaM ITOKaJaJJaCb qpe3BhilJaHHO 11HTepecHOH orry6JJMKO

BaHHa51 B 2010 r. B )f(ypHane Science pa6orn rpyrrrrhI 6p11TaHCKMX li ronnaH,nCKHX 

Xl1MHKOB, HCCJJe,nosaBlllHX BJJH51HHe rM,npo,n11HaMMlJeCKl1X pe)f(l1MOB (MexaHOXH

MHlJeCKMX B03,neHCTB11H) Ha o6'be,nMHeHMe Tpex MO,neJJhHhlX coe,n11HeH11H B KOJlh

ueBble CTPYKTYPhl, COCT051IUHe H3 3-7 MOHOMepOB, 06'be.!lHH51BlllHXC51, B CBOIO 

oqepe,nh, B «CTOITKH» [27] . BemecTBa, MCITOJJh30Basurnec51 B 3KcrrepMMeHTax, co

CT051JJM H3 MOHOMepoB, rrpe.ncTaBJJ51BWHX co6oii 6eH30JlhHOe KOJJhUO, K KOTOpOMY 

rrpMcoe.n11tteHhI .nse TMOJJOBhie rpyrrrrhI (-SH) H rronMrrerrT11,nHhIH pa,nMKan. Mo

HOMephI B rrpMCYTCTBHM KMCJJOpo.na caMorrpo113BOJJhHO o6'be.!lHH51Jll-'Ch B KOJJbl.(e

Bhie CTPYKTYPhI. Pa.n1manaMM cn~HJJH KopOTK11e rronHrrerrTH.!lHhJe uerrolJKH H3 

qepe,nyIOIUHXC51 rn.npoqio6HblX OCTaTKOB JJeHU11Ha H rn.npocliHJJhHhlX OCTaTKOB 

JJH311Ha, crroco6HhIX o6paJOBhIBaTh cKJJa,ntJaThie 6eTa-CTPYKTYPhI, o6'be,nMH51!0-

IU11e B pe3yJJhTaTe KOMITJJeMeHTapHOH caMoc6opKH UHKJJHlJeCKl1e cynpaMOJJeKy

Jlhl B CTOITKH fOMOJJOroB. EeH30JlhHble KOJlhl.(a coce,nHl1X UMKJJl1lJeCKHX MOJJeKyJJ 

CT51I'HBaJJl1Ch e ITOMOIUh!O rn.npoqio6Hh1X B3aHMO.!leHCTBl1H. 

ABTOpaM y.nanocb ycTaHOBMTh, lJTO .!lJJMHa CTOTIOK OJJHroMepOB (TPMMepos 

6eH30JJhHhJX Koneu, TeTPaMepos, rerrrnMepos li reKcaMepos) 3as11CHT OT crroco6a 

rrepeMelllHBaHl'.151 pacrnopoB (e ITOMOIUh!O MarHHTHOH MewaJJKM HJJH BCTP5IXHBa

TeJJ51 - weiiKepa). ohrno ycTaHOBJieHo, lJTO reKcaMephI M renTaMephI cyruecTBy

IOT B pacrnope B BH,ne .!lJIHHHhlX HHTeH {cliM6pHJIJJ), Ka)f(,na51 H3 KOTOpbIX rrpe.n

CTaBJJ51eT co6oii «CTOITKy» CKJJeeHHhIX KOJlbl.(eBblX MOJJeKyJI (6Jiaro.nap51 crroco6-

HOCTH rrerrTH.!lOB o6pa30BbJBaTb 6eTa-JIHCTbl) 11 ,L\OCT11raeT B .!lJIHHY 1-2 MKM. 

lllHpHHa cliM6pHJIJlhl COCTaBJJ51eT OT 4, 7 ,no 4,9 HM, lJTO COOTBeTCTByeT ,L(HaMeTPY 

reKca- li rerrTaMepos e TOptJaIUHMH Hap~y rrerrTML\HhIMH pamtKaJiaM11. 

06a KOHUa cliM6p11JIJlhl CJI~aT «TOlJKaMH pOCTa», K KOTOpblM «rrpHKJJeH

Ba!OTC51» HOBbie KOJihl.(eBble MOJJeKyJihl, H 3TO rrpMKJJe11BaHHe H36MpaTeJibHO: K 

reKcaMepaM rrpMJIMna10T reKcaMepb1, K rerrTaMepaM - rerrTaMephI. IlpMKJJeMB

wMeC51 K cliH6pMJIJie MOJieKyJihl Bhma,na!OT M3 ITOCJie,ny!OIUMX npespaIUeHHH. Ta

KHM o6pa30M, rerrTaMepbl H reKCaMepbl CTHMYJJMPYIOT o6pa30BaHMe co6cTBeH

HhIX KOrrMii M rrpM 3TOM KOHKypttpy10T Ja pecypc - Motto-, TPH- H TeTPaMepos, 

CJiy)!(aJUHX HCXO,L\Hh!M cy6cTpaTOM ,L\Jl51 CMHTe3a HOBhlX reì<ca- M renTaMepOB. 

B KOHUe KOHUOB 6bIJIO ycTaHOBJieHo, lJTO pa3Hble crroco6hI MexaHMlJeCKOro B03-

,neHCTBH51 rro-pa3HOMY BJIM51!0T Ha cliM6pMJIJlhl, COCT051IU11e M3 6- H 7-lJJieHHhlX 

MOJieKyJJ. IlpH BCTP5IXMBaHMH reKCaMepHbie qi116pHJIJlhl PBYTC51 qarue. reKCaMe

pbl pa3MHO)f(a!OTC51 6hICTPee H rro6e)f(,Lla!OT 7-lJJieHHhIX KOHKypeHTOB B 6opb6e 

3a cy6cTcpaT. 0.nttaKO rrpH rrepeMelllHBaHHH MarHMTHOH MelllaJIKOH, B 6oJiee 

M51rKHX ycJIOBM51X, rerrTaMeptthie cliM6pMJIJih1 pacTYT 6hICTpee reKcaMepHhIX, li B 

KOHKypeHl.(MH rrpettMyrueCTBO HMe!OT 7-lJJieHHbJe MOJJeKyJihl. 
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Hccne,noBaTeJm «CKOHCTpy11posamrn OTHOCl1TeJibHO npocryIO aBTOKaTa

Jil1Tl1'IeCKYIO Cl1CTeMy, B KOTOpoii 11cxo.n KOHKypeHUl111 Me)!(.ny .nBYM51 pernmKa

TopaMl1 3as11cen OT xapaKTepa Mexatt11qecKoro (rn.npo.n11ttaM11qecKoro) so3.ueì1-

CTB115! Ha peaKUl10HHyIO CMeCh: ecJI11 ee BCTp5!Xl1BaJJ11 e DOMOU(h!O weì1Kepa, TO 

<mo6e)!(.uam> o.u11H penn11KaTop, ecn11 n0Mern11san11 e noMOll.lhIO Martt11THOH 

MernaJIKl1 - .upyroì1. Ecn11 CMeCh OCTaBJI51Jil1 B noKoe, TO Hl1 O.U11H 113 penJJ11Ka

TOpOB He MOr ycnenrno pa3MHO)!(aThC51 - ÒUCKpUMUHGZ/UR peaJJl130BhJBaJJaCh 

JJl1illh B TepMOJll1HaM11qecK11 OTKphITOH MexaHOXl1M11qeCKOH CHCTeMe. 

Ilo HarneMy MHeHHIO, ycTaHOBJJeH np11Hu11n11aJihHh!H cpaKT: B penJJ11Kau1111 

DOJJHMepHhIX MOJJeKyJJ 11 B 11X KOMDJieMeHTapHOH caMoc6opKe Moryr 6h!Th cy

mecTBeHHhl He TOJihKO Xl1M11qecK11e, HO 11 MexaHOXJ1M11qecK11e cpaKTOphI, cno

co6Hhle onpe.uen11Th HanpasneHHOCTh oT6opa Ha 3Tane npe.u611onor11qecKoii 

3BOJIIOU1111. B 3TOM OTHOWeHJ111 nosepxHOCTHh!H M11KpOCJJOH, e KOTOph!M Mhl 

CB513hJBaeM B03Hl1KHOBeH11e npe.urneCTBeHHl1KOB )!(11Bh!X KJJeTOK, MOr CJI~l1Th 

TaK)!(e MexaHOXHM11qeCKl1M peaKTopoM JIJI51 HaqaJJhHOH 3BOJIIOU1111 Cl1CTeMhI 

KOHBap11aHTHOH pe.uynn11Kau1111. 

Mo)!(HO npe.unonaraTh, qTo npoTOKJieTKl1 snocne.ucTB1111 Morn11 scryn11Th 

B Cl1M6110T11qecK11e OTHOWeHl151 e KOJIOHl151Ml1 caMopenn11u11pyIOIUl1XC5! MOJie

KYJI PHK, KOTOphie BKJIJ0qaJI11 11 p1160311MhI, KaTaJI11311pyIOIU11e c11HTe3 n11n11-

.uos. 3Ta r11n0Te3a 6hrna no.urnep)!(JleHa B xo.ne .UaJJhHeì1w11x 11ccne.uosaH11ii. 

0Ka3anoch, qTo KOMnJieKChI 113 pa3HhIX MOJJeKyn PHK 11 110HoB Ca cnoco6HhI 

He TOJihKO np11KpeDJI5!ThC5! K MeM6paHaM, HO 11 peryn11posaTh 11X npoH11uae

MOCTh. y BCex )!(11BhIX opraHl13MOB .uo Cl1X nop B Cl1HTe3e Jil1D11.UOB BalfrneH:

rnyIO ponh 11rpaeT Korj;epMeHm A - p1160HyKneoT11.u e np11KpenneHHhIM K tte

MY nenT11.uono.uo6HhIM «XBOCTOM». 

B .UaJJhHeiirneM B npouecce 3BOJIIOUl111 PHK-opraHl13MhI np1106pen11 .usa 

Balf<HhJX ycoseprneHCTBOBaH115!. Ilepsoe 113 Hl1X - c11M61103 PHK 11 nenT11.UOB, 

KOTOphIH, Bepo51THO, D051Bl1JIC51 3a.uonro .uo cpopM11pOBaHl151 COBpeMeHHOH KJJeTKl1 

11 retteT11qecKoro Ko.ua. PHK-opraH113MhI cTan11 KaTaJJl1311posaTh Cl1HTe3 aM11Ho

Kl1CJJOTHhIX DOJil1MepOB (cttaqana KOpOTKHX nenT11,nOB, a 3aTeM 11 JIJJl1HHhlX 6eJJ

KOB), KOTOphre ropa3.UO 3cpcpeKTl1BHee cnpaBJI51Jil1Ch e 60JJhll111HCTBOM 611orrorn

qeCKl1X aKTl1°BHhlX «pa60T», 'leM p1160311Mhl. Ilo.nrnep)!(J1eH11eM peaJihHOCTl1 cy-

11.1ecTBOBaHl15! 3TOro 3Tana CTaJJO OTKphlThle KOMDJieKCOB 113 He60Jihll111X MOJJeKyJJ 

PHK 11 nenT11.UOB, BhIDOJJH51IOIU11X MHO)!(eCTBO peryJJ51TOpHhIX cpyHKU11H, a TaK)!(e 

CTPYKTYPhI KocpepMeHrn A. Bep051THee scero, cHaqana PHK-KaTan113 6enKosoro 

Cl1HTe3a He 6hIJI crporo cneu11cp11qHhIM, a B ,naJJhHeiirneM eCTeCTBeHHhlH OT6op 

cnoco6cTBOBaJI Bh1pa60TKe sce 6onee cneu11cp11qHhIX KaTaJil13aTopos, 'ITO noshr

c11no cTa611JihHOCTh )!(11BhIX c11cTeM. B pe3yJihTaTe ccpopM11posanach yH11Bep

CaJJhHa5! c11creMa cneu11cp11qHoro c11HTe3a nenTH.UOB - zeHemu'lecKUu Koò 11 

KOMDJieKC p1160311MOB, He06XOJ111Mh!X JIJI51 ero npO'ITeH1151. 

Ecn11 PHK cTaJI11 nepBhIMl1 MOJieKyJI51pHhIMl1 Marn11HaM11, 11cnoJih30BaB

rn11M11c51 B paHHl1X )!(11Bh!X KJJeTKax, TO p1160311Mhl, cyll(eCTBYIOIU11e 11 cerO.UH51 

{ttanp11Mep, annapaT p116ocOMh1), Moryr cq11rnThC5! npoo6pa3aM11 )!(J1BhIX cy-
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mecTB, COCTO}lI.UHX l13 HYKJJeHHOBhlX KHCJIOT [28). 0,[l,HH pH603l1Mhl 6b1Jll1 06-

Hap)')KeHbl y BHpOH,[l,OB (B11p011,[l,hl - 11tt<!>eKUHOHHbJe areHThl, npe,ll,CTaBmno

I.UHe co6oii Hl13KOMOJJeKyJJ}lpHyIO O,ll,Houeno4e4HYIO KOJJhUeByIO PHK, He KO,ll,11-

pyiomyio co6cTBeHHhJe 6eJJK11; Bhl3bIBa!OT 6oJJe3Hl1 pacTeH11H) 11 BHpyco11,[l,OB 

pacTeHHH (s11pyco11,[l,hI - KOJJhUeBbie caTeJ1J111THhie PHK, KOTOpb1e 4aCTO co

npoBO)!(,[l,aIOT PHK-co,ll,ep)!(amHe BHpychI, noJJHOCThIO 3aBHC}lT B csoeii penJ1H

Kau1111 OT BHpyca-nOMOlUHl1Ka 11 penn11u11py10TC}l OCHOBHhlM BHpycoM no THny 

KaT}lmeroc» KOJihUa). j),pyr11e p1160311Mhl OTMe4eHhI y caTenn11THhIX PHK s11py

COB renaTHTa ,ll,eJJhTa {Bfj],), TPeThl1 (Varcud satellite - VS) - y caTeJIJIHTHhJX 

PHK BapKy,ll,a, qernepTbie (VS) - y np11pO,ll,HhIX 1130JJ»TOB Neurospora. 
IfaseCTHhI ,[!,Ba T11na PHK-rron11Mepa3 - O,ll,HOro 113 rnaBHhIX <!>epMeHTOB 

scex )!(11Bh!X opraHl13MOB, KOTOpbIH ocymeCTBJI51eT TpaHCKpHITUHIO reHeTwie

CKOH 11H<!>opMau1111: 

1. j),HK-3as11cHMh1e: CHHTe311py10T MOJJeKyJihI PHK Ha MaTpHue j),HK H rrp11-

CYTCTBYIOT y scex )!(11BhIX cymecTs, OT 6aKTep11ii ,ll,O 4enoseKa BKJII0411-

TeJihHO. I10J1)"-ll1BI1mec» MoneKyJihJ PHK n1160 11cnoJih3YIOTC» KaK MaTP11-

UhI ,[l,JJ» Cl1HTe3a 6enKoB {11tt<!>opMau110HHh1e, 11JIH MaTp114Hhie, PHK), JIH6o 

caM11 BhlnOJIWllOT pa60411e <l>YHKU1111 B KJJeTKe ( CTpyKTypHble, 11Jil1 <l>YHK

UHOHaJibHbie, PHK). 

2. PHK-3as11c11Mb1e: CHHTe311pyioT PHK Ha MaTp11ue PHK 11 11Me10TC» y 

PHK-co,[1,ep)!(am11x s11pycos, a TaK)!(e y HeKOTOphIX Bh1cw11x opraHH3Mos : 

pacTeHHH, rp1160B, rrpoCTeiiw11x, KpyrnhIX 4epseii. B11pych1 11crroJih3YIOT 

3Tl1 <t>epMeHThI ,[l,JJ» Kon11posatt11» csoero Hacne,[l,CTBeHttoro MaTep11ana, a 

BhICw11e opraHl13MbI pa3MHO)!(alOT MoneKynhI PHK, )"laCTBYIOI.UHe s CHC

TeMe PHK-11ttTep<!>ep ettu1111 {npouecce rro,[l,aBJieHH» 3Kcrrpecc1111 retta Ha 

CTa,[1,l111 TpaHCKp11n111111 , TpaHCJIHUl111, ,[l,ea,[l,eHHJI11pOBaHl1H l1Jil1 ,ll,erpa,ll,aUH11 

MPHK np11 noMomtt MaJJbIX MOJJeKyn PHK) . 

.E>p11TaHCK11e 11 Cp11HCKtte 611onor11 npH llOMOlUl1 CJIO)!(HeHWl1X Kp11CTaJIJIO

rpa<!>H4eCKl1X MeTO,ll,OB 113y411n11 TpexMepHyIO CTPYKTYPY PHK-3as11c11Moii 

PHK-rroJIHMepa3bI rp116a Neurospora crassa H cpasHHJIH ee co CTPYKTypoii 

j),HK-3aBHCl1MOH PHK-noJ111Mepa3hl. 0Ka3anoch, 4TO cTpyKTyphI 3THX <t>ep

MeHTOB y,[l,11B11TeJibHhlM o6pa30M ll0X0)!(11, 4TO CBl1,[l,eTeJibCTBYeT 06 o6meM 

npo11cxO)!(,[l,eH1111 3Tl1X 6enKOB [29). B11pycHb1e PHK-3as11c11Mb1e nonHMepa3hI 

ycTpOeHbl cosepweHHO no-,ll,pyroMy, 11 11X npOHCXO)!(,[l,eHHe, sepOHTHO, He CB51-

3aHO e PHK-rron11Mepa3aM11 Bb1cw11x opraHH3MOB. HesHpyctta» PHK-3as11c11-

Ma» PHK-non11Mepa3a_ coxpatt11nacb y 6onee BhICOKoopratt113oBaHHhIX 3yKa

p110TOB, a He y caMblX rrp11Ml1Tl1BHblX )!(11Bh!X cymeCTB, TaKl1X KaK 6aKTep11l1 11 

apxeH. IIp11 3TOM <t>epMeHT CMeH11J1 <l>YHKU1110: ecn11 s «PHK-M11pe» (KaK H y 

cospeMeHHhIX PHK-co,ll,ep)!(am11x BHpycoB) OH OTBe4aJJ 3a Korr11poBaH11e Ha

cne,ll,CTBeHHOH HH<!>OpMaUHH, TO y cospeMeHHh!X 3yKap110T OH coxpaHl1JIC51 KaK 

4aCTh c11cTeMbI PHK-11ttTep<!>epettu1111, KOTopa» cny)!(11T ,[l,JJH peryn»u11H pa60ThI 

reHOB l1 3aI.UHThl OT s11pycoB. 
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TaKHM o6pa30M, nepsa» PHK-no1mMepa3a, cKopee scero, nOHBlrnach eme 

BO BpeMeHa «PHK-M11pa». I1 O.UH11M 113 nepBhIX 6eJIKOB, np1106peTeHHhlX 

PHK-opraHl13MaM11, .uom1rna 6hrna CTaTh PHK-3aB11c11MaH PHK-no1111Mepa3a -

cpepMeHT, 06ecne1mBaJ011111ì1 3cpcpeKTl1BHOe pa3MHO)!(ett11e 3Tl1X opraHl13MOB 6e3 

y'laCTl1H ,l(HK. AKT11BHhIH uettTp :>TOro .upeBHeìiwero cpepMeHTa co.uep)!(aJI 

oco6yJO CTPYKTYPY - double-psi /3-barrel (DPBB). B .uanhHeìiweM B pe3ynh

TaTe .uyn1111Kau1111 y cpepMeHTa 06pa3osa11och .use DPBB-cTpyKTyphI, KOTOph1e 

CHa'laJia 6bIJil1 0.!l11HaKOBhIMl1, a 3aTeM cpyHKL(l10HaJihHO cnel(J.faJIH311pOBaJil1Ch. 

,l(yn1111Kal(l1H reHOB 11 11X cpparMeHTOB KaK MOIIJHhIH 11HCTpYMeHT 3BOJIIOU1111 OT

Kph11Ia .uopory .UJIH 113MeHeHl1H .uyn1111u11poBaHHhlX cpparMeHTOB 11 rrp1106peTe

Hl1H 11M11 HOBhIX cpyHKU11H. Ha :>TOM :>Tane rrpo113ow110 pa3.ue11ett11e: O.UHM PHK

no1111Mepa3hI ocTa1111ch PHK-3as11c11MhIM11, a .upyr11e, 611aro.uap» mMetteHHHM, 

rrpomowe.uw11M B o.uttoì1 113 .usyx DPBB-cTpyKTyp, crn1111 ,l(HK-3aBHCHMhIMl1. 

3To, O'leBH.UHO, 6hrno CBH3atto e npespamett11eM PHK-opratt113MOB B 6011ee 

CTa6HJihHh!e ,l(HK-opraH113Mhl (29]. 
<l>paHUY3CKHe 11cc11e.uosaTe1111 no peK0HcTpy11posaHHhIM reHOMHhIM rro

c11e.uosaTeJihHOCrnM ouett111111 orrTHMaJihHYJO TeMnepaTypy .un» pocTa rnnoTe

TH'IeCKHX npe.UKOB 6aKTep11ì1, apxeì1 H :>yKapHOT [30]. A.uanTal(HH K rnnepTep

MOcp1111hHOCTl1 y 6aKTep11ì1 11 apxeìi 6hl1Ia .!lOCTHrHyTa He3aBHCHMO, BepoHTHO, 

sc11e.ucrs11e 3aMeHhI PHK-ttac11e.uosatt11H ,l(HK-ttac11e.uosatt11eM. I1 :>TOT rro

c11e.utt11ii o6ll(HH rrpe.uoK 6aKTep11ì1, apxeìi H :>yKapHOT - JlyKa (LUCA, OT 

attrn. fast universal common ancestor), o KOTOpOM MhI ~e rosop111111, .ua11 .use 

BeTBH IIOTOMKOB - 6aKTep11ì1 H apxeì1 + :>yKap110T. Or noc11e.utteì1 BeTBH, no

cpe.UCTBOM CHM6H03a, OKOJIO 2,4 MJIP.!l JieT Ha3a.u or.ue111111aCh JIHHl1H ».uepHh!X 

opraHH3MOB. 

AMep11KattcK11e y1.Jetth1e nonh1Ta1111ch BhIHCHHTh, KaKaH TeMnepaTypa on

THMaJihHa .UJIH pa60Thl cpepMeHTOB, Y"aCTBYIOIIJHX B nocne.uosaTeJihHOM rrp11-

coe.u11HeHHl1 aMHHOK11c110T Ha MaTpH'lHYJO PHK BO speMH CHHTe3a 6e11KoB y 

npe.UKOBhIX 6aKTep11ì1 [31 ]. ,l(peBHHe 6eJIKH HMeJIH .!lOBOJihHO Bh!COKYJO TeMrre

parypy n11as11ett11», Koropa» .UAA .uattttoro Knacca 6e11KoB xopowo cornacyeTCH 

e onT11MaJihHOH TeMnepaTypoì1 pocra 6aKTep11ì1 . I1cc11e.uosatt11e CHHTe3Hpo

BaHHhIX 6e11KOB nOKa3aJIO, 'lTO TeMneparypa, rrpH KOTOpoì1 0611TaJIH .upeBHHe 

6aKTep1111, COCTaBJIHJia OKOJIO 60 °C. 3TOT HCTOpH'leCK11H rrep110.u, IIO-B11.UH

MOMY, 6h!JI 3,5 MIIP.!l neT tta3a.U, 11 TeMrreparypa nocTerrettHO cH11:arn11ach B re-

1.Jett11e noc11e.uyJ011111x 3 Mnp.u neT. II011y'letttta» TeMnepaTypttaH rett.uettu11» 

COBnana e pac'leTaMH, KOTOph!e .uaJOT peKOHCTPYKUHH TeMneparyp no 1130TO

naM KHCIIOpo.ua H KpeMHHH. 

0.uHa 113 3ara.uoK «PHK-MHpa» COCTOHT B TOM, KaK MOJieKyJihl PHK MOrIIH 

BOCI1pOH3BO.UHThCH npH HH3KHX TeMnepaTypax. 0Ka3aJIOCh, 'lTO 3TO 6hl1IO B03-

M0)!(H0 611aro.uap» cymecTBOBaHHJO KJiacca cpepMeHTOB-p1160311MOB, crroco6-

HOCTh KOTOph!X K HH3KOTeMnepaTypHOMY KaTanmy no3BOJIHJia o6ecrre'll1BaTh 

caMoc6opry HOBhIX Mo11eKy11 PHK Ha caMhIX pattHHX :>Tarrax B03HHKHOBeHHH 

lKH3HH. P11603HMhl HeJih3H IIOJIHOCThJO OTHOCHTh K cpepMeHTaM : no CBOeii XH-
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MwtecKoìi npHpo.ne :no He 6eJIKH, a Te )f(e MOJieKyJihI PHK, TOJihKO Bhmonmuo

IUHe cneuHaJihHhJe cj>yHKUHH. 0HH cn~aT KaTamnaTopaMH npH pacmenneHHH 

l1 cwHsamrn .npyrHx MOJieKyJI PHK, l1 MaKCHMyM HX aKTHBHOCTH npHXOl.ll1TC51 

Ha Hl13KHe TeMneparyphl, T. e. OHH o6ecne'mBaIOT Hl13KOTeMneparypHhIH KaTanm. 

IIo:noMy clf11TaeTc5l, lfTO HMeHHO flU3KOme.Mnepamyp1-1b1Ù PHK-Kamanu3 6b1JI Ka

TaJIH3aTopoM 3BOJllOU11l1 Ha HalfaJibHOM 3Tane B03Hl1KHOBeHml )f(l13Hl1. 

BpeM51 6Hcj>ypKaUH11 3BOJIIOUHOHHhIX aeTBeìi 6aKTep11ìi onpe.nemrno 11x 

TepMOCTOHKOCTh: np11MepHO OT 62-70 °C B paHHeapxeìiCKl1e BpeMeHa (3,5 MJIPLl 

JieT Ha3a,n) .no 35-37 °C B l.lOKeM6pHHCKYIO 3noxy (550 MJIH JieT Ha3a,n) . l1HhIMl1 

CJIOBaMH, lfeM paHbWe )f(l1JI 06m11ìi npenoK 6aKTep11ìi, TeM 6onee TepMOCTOH

Kl1M 6hlJI npe,nKOBbIH 6eJIOK-Yl.lJI11Hl1TeJib, a 6aKTep11H, KOTOpbie pa30WJil1Ch 

no3,nHee, 11MeJI11 o6mero npe,nKa, y KOTOpblX 6enKH 6h1J111 npHcnoco6neHhl K 

OTHOCHTeJibHO Hl13Kl1M TeMnepaTypaM. 3TO 03HalfaeT, lfTO BO BpeMeHa 3apO)f(

l.leHl151 )f(l13Hl1 6aKTep11H )f(HJl11 B ycJIOBl151X, npHMepHO COOTBeTCTBYIOIUHX )f(l13-

Hl1 B cospeMeHHbIX rop51Yl1X 11CTOLf Hl1Kax (ecJIH K 3TOH TeMnepaType npH6a

Bl1Th ynhTpacj>11oneTOsoe 113nyYe 1-111e 11 y6paTh K11cnopo.n). 

Cne.nyeT OTMeTl1Th, YTO 1-iap51,ny e 3Toìi TOlfKOìi 3pett115l cymeCTsyeT MHe

HHe o Me30cj>l1JihHOCTl1 JlyK11 ( onTHMaJibHa51 TeMnepaTypa poCTa Me30cj>l1JIJIOB 

< 50 °C), OCHOBaHHa51 Ha TOM, LfTO pPHK JlyKH CO,nep)f(aJI He60JibWYIO l.lOJllO 

r - U-HYKJieOTl11.lOB. <l>paHUY3CK11M yYeHblM y.uaJIOCh HaHTl1 nyT11 K pa3pewe

Hl1!0 npoT11sope'-IH5l Me)f(.ny 3T11M11 .UByM51 TO'-IKaM11 3peHH51 [30]. CornacHo npo

se.neHHhIM Hccne.nosaHl151M, pPHK J1yK11 6hrna nylfwe npHcnoco6neHa K 6onee 

Bh!COKHM TeMnepaTypaM ( 60 °C), l.feM ero 6eJIKOBa51 COCTaBJI51!01Ua51 ( OKOJIO 

20 °C). Ho B ero aM11HOKl1CJIOTHOH KOMn0311Ul1l1 l.l0Jl51 TepMOYCTOHlfl1BhIX aMH

HOKHCJIOT (l130JieHUHHa, BaJIHHa, T11p03l1Ha, rnyTaMl1HOBOH Kl1CJIOTbl, TPl1IlTO

<!>aHa) 6b1Jia eme ttesb1 c0Koìi. II011yy11nocb, '-ITO JlyKa He 6hrn rnnepTepMocj>H

JIOM l1Jll1 TepMOcj>HJIOM, a npe.UK11 6aKTepHìi, TaK )f(e KaK 11 npe.UKH apxeì1 l1 o6-

!Ul1H npe.uoK apxeìi 11 3yKap110T, 6blJll1 TepMOcj>HJiaM11 11Jil1 rnnepTepMOcj>HJiaM11. 

KpoMe Toro, a npe.uenax 6aKTep11aJibHOìi seTBl1 TepMOCTa6HJihHOCTh nocTe

neHHO CHH)f(aJiaCb. 

Bo3MO)f(HhIMl1 MexaH113MaM11 napanneJihHOro CHH)f(eHl151 TepMOCTa6mrh

HOCTH B .nsyx Jll1Hl151X - 6aKTep11aJibHOH l1 apxettH0-3yKap110THOH - 51BJI51IOT

C51 cne.nyIOIUHe: 

• A.nanTHBHhrìi orneT opratt113MOB Ha 113MeHeHHe 0Kp~a10meìi cpe.uhr. 

• JlyKa Mor 6bITh o6na.uaTeJieM PHK-Hacne.ucTBeHHoro annapaTa. MecTOM 

ero 0611TaH115l 6h1JIH oco6b1e 6110Tonhr e noHH)f(eHHoìi TeMnepaTypoìi (Ha

npHMep, npHnon5Ipttb1e o6nacTH). 3aTeM .nse rpynnb1 ero noTOMKOB He3a

BHCHMO (sep051THO, nocpe.UCTBOM rop1130HTaJibHOro nepeHoca OT BHpyco

no.no6HhIX opraHH3MOB) np1106penH .[(HK - cTpyKTyphI, 6onee ycTOtt'-111-

Bhie K BhICOKHM TeMnepaTypaM, '-!eM PHK, lfTO no3BOJIHJIO 6aKTepH51M 11 

apxe51M pacwHp11Th cpe.ny 0611TaHl15l no aceìi 3eMne. 

B HacT051IUee apeM51 ace )f(l1Bhie opraHH3MhI l.lJI51 CHHTe3a 6eJIKOB «nOJih-

3YIOTC51» pH6ocoMaMH, ocHoay KOTOphIX cocrnan51IOT MOJieKyJihI PHK. KpoMe 
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TOrO, B COCTaB p1160COM BXO)UIT Ol.JeHh .!lpeBHJ.1e, KpaHHe KOHCepBaTl1BHhie 6en

Kl1. B rettoMax npesHeH:w11x )!(11BhIX opratt113MOB (6aKTep11H: 11 apxeii) reHbI p11-

6ocoMHhIX 6enKOB o6hll.JHO pacrronara!OTC51 BMeCTe 11 II0l.JTl1 B 0.!lHH3KOBOM IIO

P51.!lKe, o6pa3y51 «p116ocoMHhIH cyrreporrepoH» (MexaHl13M JTOH cuerrneHHOCTl1 

IIOKa .!lO KOHUa He Bhl51CHeH), B OTJll1411e OT .!lpyr11X «CB060.!lHhlX» 6aKTep11aJib

HhIX reHOB. I1MeJOTC51 csenett115I, t.JTO p116ocOMHhie PHK Moryr c11HTe311posaTb 

6enoK 11 caMOCT051TeJibHO, XOT51 ropa3.!lO MenneHHee. 

TIOM11MO p116ocoM, .!lJl51 Cl1HTe3a 6enKa Heo6XO.!ll1Mhl MOJieKyJihl-IIOcpen

H11Kl1, KOTOpbie Cl.Jl1TbIBaJOT 11tt<t>opMau1110, 3arr11caHHYJO B l1H<i>OpMau110HHOH 

MoneKyne PHK, 11 s cooTBeTCTs1111 e JT11M11 11HCTPYKUl15IM11 np11coen11H5IJOT K 

c11HTe311pyeMoH: MOJieKyne 6enKa HY)!(Hhie aM11HOKl1CJIOThI. TaK11M11 nocpentt11-

KaM11 51BJ151JOTC51 TPaHcrropTHbie PHK (TPHK), T. e . MoneKyna PHK rro-rrpe)K

HeMy npO.!lOJI)KaeT Bh!IIOJIH51Tb Cl1HTe3 6eJIKOB II0l.JTl1 caMOCT051TeJibHO. 

Bropoe ycosepweHCTBOBaH11e PHK-opratt113MOB rrpo113owno rrocpencr

BOM rrp1106pereH11.5I .[(HK. MoneKynhI .[(HK 6onee ycroH:'f11BhI, 'feM PHK, 11 rro

TOMY 51BJI.51JOTC51 6onee ttane)!(HhIMl1 xpaH11TeJI5IM11 ttacnencrseHHOH 11tt<i>opMa

u1111. lhHa'f3J1bHO .[(HK, sep051THO, fama t.JeM-TO spone IIOK051weHC51 <i>a3hl B 

)!(113HeHHOM u11Kne caMosocrrpo113so.!l51w11xc51 KOJIOH11H: PHK, 11 Jil1Wh MHOro 

II03.!lHee OHa crana OCHOBHhIM HOCl1TeJieM HacnencTBeHHOH 11HcpOpMau1111. 

O 3Ha'!eH1111 s3a11MO.!leH:crn115I PHK 11 .[(HK MO)KHO cyn11Tb rro pon11, KOTO

PYJO 11rpa10T B 3BOJ110u1111 )!(11BOTHhIX Tpattcno30HhI. (TpaHcrro3oH - rrocneno

sareJihHOCTh .[(HK, cnoco6Ha51 rrepeMewaTbC51 sttyrp11 reHOMa s pe3yJihTaTe 

rrpouecca, Ha3hrnaeMoro rpattcrro311u11eH: . PerpoTPaHCII030HhI rrepeMewaJOTC51 

rro reHoMy rryreM o6parnoH: TPaHCKpl1III.{1111 e 11x PHK, a )J,HK-Tpattcrro30Hb1 -

rryreM rrp51MOro Bbipe3aHl151 11 BCTaBKl1 e 11CIIOJib30BaHl1eM KO.!l11pyeMoro HM 

<t>epMeHTa rpaHCII03a3bI.) Harrp11Mep, OKOJIO 42 % reHOMa 'leJIOBeKa COCTOHT 113 

peTPOTPaHCII030HOB, 11 OKOJIO 2- 3 % - 113 .[(HK-rpaHCII030HOB. 

HenaBHO OTKpb!Ta51 MOJieKyJ151pHa51 CHCTeMa, KOHTpOJil1PYJOwa51 aKTl1B

HOCTb M0611JibHbIX reHeT11'1eCKl1X 3JleMeHTOB (Mf3), BKJIJO'!aJOwl1X 2 KJiacca 

TPaHcno30HOB, BhinOJIH51eT s opraHl13Max )!(11BOTHhIX ewe O.!lHY sa)KHYIO cpyHK

u1110 - Ha paHHHX JTarrax pa3B11Tl151 )M6p110Ha pyKOBO.!ll1T YHl1'lTO)KeHl1eM 

MaTp114HhIX PHK, rronyqeHHhIX OT Marep11 [32]. 3ra CHCTeMa cocT011r 113 tte

CKOJlhKl1X 6enKOB 11 oco6h1x ManeHbKHx MoneKyn PHK (rr11PHK), 11 ee OTKJ1JO

t.Jett11e sener K rpy6hIM Hapywet1115IM pa3s11r1151 3M6p110Ha. 

Perpo- 11 .[(HK-rpattcrro3oHhI, rro sceH: sepo5ITHOCT11, 11rpa10T Ba)KHYJO 

pOJib B 3BOJ1IOUl111 : opraHl13Mbl e 11X IIOMOllihlO ocyweCTBJl51JOT o6paTHYJO CB513b 

B reHOMe, aKTHBHO peryn11py51 co6CTBeHHyJO 3BOJllOU11!0. 

PHK «yt.JaCTsosana» 11 B cpopM11posatt1111 KJ111MaTa Ha 3eMJie. I13BeCTHO, 

l.JTO )l(113Hb OCHOBaHa Ha crroco6HOCTl1 aBTOTpOcpOB (pacTeHl1H 11 MHOrHX Ml1K

poopraHl13MOB) CB513bIBaTh HeopraHH'leCKl1H yrnepon, conep)Kall.{11HC51 B 0Kpy

)!(3JOIJ.{eH cpene B s11ne C02. Apxe11 B 60JihWl1HCTBe OTHOC51TC51 K asTOTPOcpaM, 

HO MexaH113M <t>11Kcau1111 11M11 yrnepona B HaCTo51wee speM51 113yqeH HenocTa

TO'IHO. 
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4.4. KneToqHhie 3TanhI 

6HOJIOn1qecKOH 3BOJII01(HH 

C11creMaT11Ka KaK HayKa o s11.uosoM pa3Hoo6pa31111 opraHl13MOB 3aH11Ma

ercJ1 He TOJibKO CHCTeMaTl13HpOBaHHeM HaKO!lJieHHOro, HO 11 orpa)!(aeT yposeHb 

pa3Bl1THJI 611011or1111, u11ro11or1111, 611ox11M1111, MOJJeKy11J1pHoì1 611011or 1111. BMe

cre e TeM 11MeHHO cospeMeHHaJI reHeTl1Ka, OCHOBbIBaJICb Ha aHaJJl13e reHOMOB, 

!103BOJil1Jia Cl1CTeMaTHKe OTOHTl1 OT Tpa.u111.1110HHOro BbIJIBJleHHJI pO.UCTBeHHbIX 

CBJl3eH rrp11 cpaBHeHl1H Mop<t>o11orw1eCKl1X rrpH3HaKOB opraHl13MOB. 

CospeMeHHaJI K11acc11<t>11KaL111J1 3eMHbIX opraHH3MOB OTOllIJJa or rrp11BbPI

Horo 11 OLfeB11,llHOro 11X pa3,lleJieHHJI Ha )!(11BOTHb!X 11 pacTeHl1JI, KOTOpblM llOJlb-

30BaJJOCh 11e11ose11ecrso co speMeH ApucToTeJIH . ToHK11e 611ox11M1111ecK11e 11 

reHeT1111ecK11e pa311111111J1 OKa3aJJHCb cyruecrseHHee, 11eM BHellIH11e Mop<t>oJior11-

11ecK11e rrp113HaK11. K rrp11Mepy, reHer1111ecK11 11.ueHr11<t>111.111posaHHb1e 6aKTep1111 

11 apxe11 B M11KpOCKorr rrpaKT1111ecK11 HeB03MO)!(HO pa3JI HLfHTh. C11creMaT11Ka so

.uopoc11eì1 Ha cero.UHJ11IIH11ì1 .ueHh TaK)!(e rro.useprnacb pa.u11KaJJhHOH nepe

crpoì1Ke. )].o cepe.UHHhl rrpOllIJJOro BeKa BO.UOpOCJil1 CLfl1TaJll1Cb Hl13lll11M11 pac

TeHHJIMH, KaK :no 6hrno 11 rrp11 K. JI11HHee . Ha caMOM .ueJie so.uopoc1111 He rrpe.u

craBJJJIIOT co6oì1 raKCOHOMHLfeCKyIO KaTeropmo - :no pa3Hopo.uHaJ1 rpyrrrra 

opraHl13MOB, KOTOpbie HaXO,llJITCJI Ha cerO.UHJlllIHl1H .ueHb B LfeThipex 113 TIJITl1 

HMnepHH 3yKap110T. C pa3Bl1THeM COBpeMeHHhIX 6110X11MH'IeCKHX, reHeTHLfe

CKHX 11 M11KpOCKOTil1LfeCKHX MeTO.UOB paHee ycTaHOBJieHHbie pO.UCTBeHHbie CBJl-

3H B HeKOTOpblX rpynnax nepecMaTpHBalOTCJI, H KJJaccmj:rnKaLIHJI npOTHCT 

(npocTeHWHe - reTeporeHHaJI rpyrrna :iyKapHOTOB, KOTOpblX paHee OTHOCl1JlH 

K uapcrny )!(11BOTHbIX, a B 1977 r. BhI.Uemrn1-1 s or.ueJihHOe uapcrno) nperepne

saeT HaH60JlbWHe H3MeHeHl1JI. 

Kllacc11<t>11KaL1HJ1 H CHCTeMaTJ.I3al.IHJI opraHH3MOB B 611011orHH (maKCOHOMUfl) 

OCHOBaHa Ha 11epapx1111eCKOM nocrpoeHHl1 - OT o6ruero K LfaCTHOMY. TaKCOHO

MHJI orpa)!(aeT 3BOJllOLll10HHhie CBJl3H, Mop<t>o11or1111ecK11e H reHeTHLfeCKl1e cxo.u

CTBa 11 pa3JI1111HJ1: uapcTsa, T11nh1, KJJaccb1, orpll.UhI, ceMeì1crsa, po.Uhi, Bl1.Ub1. Bb1-

.ue11J1eTCJ1 5 uapcrn: np0Kap11ori,1, npor11cTbI, rp116h1, pacTeH11J1 11 )!(11BOTHhJe. Bo 

BCeX CJIYLfaJIX npOllBJlJllOTCJI pa3Jll1LfHJI B CrpOeHl1ll li <i>YHKLlllJIX KJleTOK. 

l1cxo.uHo paulloHaJibHYIO CllCTeMaT113aL1ll10 sse11 B XVIII B. K. 1IllHHeì1, 

npe.UJJ0)!(11Bllll1H nopll.UOK 11Cll0Jlh30BaHl1JI JlaTllHCKHX po.uosoro li Bll.UOBOro Ha-

3BaHl1H. B 1866 r . 3 . feKKeJJh npe.UJIO)!(l1Jl Bh1.uem1Tb Hosoe uapcTBO - npo

TllCT, Ky.ua 6b!Jll1 OTHeceHbl so.uopoc1111, npocTeHllIHe H HH3WHe rpH6bI. bOJlb

lllllHCTBO - O.UHOKJleTOLfHhle opraHH3Mhl, XOTJI cpe.u1-1 so.uopoc11eì1 eCTh li MHO

roKJJeTOLfHble. MHorne cnoco6HhI .UBllraThCJI e noMOil(blO )!(ryTllKOB, pecHllLfeK 

li JIO)!(HOHO)!(eK. 3To uapCTBO 6hIJl0 Bbl,lleJieHO .UJIJI o6be.UllHeHllJI npoMe)!(yTOLf

HhIX opraHH3MOB, KOTOpbie 0611a.ua10T HeKOTOpb!Mll rrpH3HaKaMH pacTeHllH HJlll 

)!(HBOTHbIX, HO He HMeIOT HeKOTOpbIX Ba)!(HhIX 11epr. HeK0Topb1e rrpOTHCTbI 

o60CHOBaHHO CLfllTalOTCJI npe.ullleCTBeHHHKaMH MHOrOKJieTOLfHh!X pacTeHHH, 

)!(llBOTHh!X H rpll60B. 
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Eme 4epe3 rro11seKa 6Honor114ecKaH ttay1<a ssena B TaKCOHOMH!O npe.u

CTas11ettHH o .usyx THrrax KJJeTOK - rrpoKap110THblX (6e3bH.UepHblX) 11 3yKap11-

0THbIX ( co.uep:a<amHx H.Upo ). B 1938 r. 6brno Bh!.Ue11etto eme o.atto uapcrno, Ky

.ua OTHec1111 sce rrpoKapHOTHhre opratt113Mhl, - 6aKTepn11 . OpopM11posanoch 

npe.ucTas11eH11e o Tpex 3yKap110THbIX uapCTBax: rrpOTl1CTbl, )!(11BOTHbJe H pac

TeHl1H. 0.uttaKO uapcTBO npOTl1CT HarrOM11HaJIO c6optty10 KOMatt.uy, Ky.ua OTHO

Cl1Jil1 TO, '-ITO ITOJIHOCTblO He COOTBeTCTBOBaJIO HH pacTeHl1HM, Hl1 )!(HBOTHbIM, 

IT03TOMY ry.ua )!(e B .llOITOJIHeH11e K npoCTeHWl1M 11 BO.llOpOCJJHM OTHeCJJl1 rp116b1. 

)],a11ee 113 uapCTBa rrpOTl1CTOB 6bIJIO BbI.lleJieHO caMOCTOHTeJibHOe uapCTBO rpH-

6os, ITOTOMY '-ITO OTHeCeHHe 11X K H113llll1M pacTeHl1HM 6bIJ10 Heonpas.uaHHO -

y rpH60B HeT x11oporr11aCTOB, OTC)'TCTBYeT rrpouecc cpoTOCl1HTe3a, y Hl1X XHTl1HO

Bble KJJeTO'-!Hbie CTeHKl1. KaK BH.UHO, 3Tl1 opraHl13MhI coe.unttH!OT s ce6e np113Ha

Kl1 paCTl1TeJibHOH H )!(11BOTHOH KJ1eTKl1, '-ITO 11 06bHCHHJIO C03.UaH11e OT.UeJJbHOro 

uapcTsa. TaK, .uo cepe.untthr 1970-x rr. npocymeCTsosana c11cTeMa '-!eTbipex 3y

KapnoTHh1x uapCTB 11 0.llHOro uapCTBa rrp0Kap110TOB, Kor.ua aMepHKaHCKHH 11c

c11e.uosaTeJib Kap11 Be3e OTKphrn apxe11 (Archaea). 
B ttacToHmee speMH cyLUecTsyeT KaK Ml1H11MYM Tp11 ocHOBHbie r11noTe3bI 

npOHCX0)!(.lleHl1H nepBbIX 0.llHOKJJeTO'-!HbIX opraHl13MOB, B03LUHHKWl1X napa11-

11eJibHO OT o6mero npe.uKa 111111 noc11e.uosaTeJihHO: 

• npoT06aKTep1111 - «rrpapo.u11Te1111>> apxeìi H 6aKTep11ì1 (Tiaìic); 

• 6aKTep1111, OCBOHBIIIHe 3KCTPeMaJJbHbie MeCTa 0611TaHHH, .uann OCTaHOBHB

lllyJOCH, Tyn11Kosyio BeTBh 3so11iou1111 - apxe11 (3asap311tt); 

• apxe11 - nepBbie )!(11Bhle opraHl13Mbl, OT KOTOpbIX np01130WJIH 6aKTep1111. 

Apxeìi, 6aKTepnì1 11 3yKap110T 06be.U11HHeT o6mttoCTh KOpHett - npapo.un

TeJieM C'-111TaeTCH nporeHeT (nepBOKJieTKa) - 11 CXO.llHOe Xl1Ml14eCKOe CTpoe

Hl1e scex .llOMeHOB )!(H3Hl1 (HaJil14He Jll1ITH.UHOH MeM6paHhl, HYKJiel1HOBblX K11-

CJIOT, ocyLUeCTBJIHIOLU11X xpaHeH11e, rrepe.ua4y 11 pea11113au1110 HaCJie.UCTBeHHOH 

11ttcpopMaum1, H 6eJIKOB, OTBeTCTBeHHb!X 3a KaTaJIHTl1'-1ecKy10, TpattcrropTHY!O H 

.upyrne cpyttKu1111) . TeM He Mettee, 3Tl1 opraHH3MeHHbie cpopMbI CYLUeCTBeHHhIM 

o6pa30M OTJIWIHbI (p11c. 4 .7). 

Apxeu - oprattmMhI, KOTOpb1e 11Me10T rrpoKapnoTw1ecKoe CTPOeHHe KJJeT

Kl1, HO, KaK OKa3aJIOCb, OH11 O'-!eHb .uaneKO OTCTOHT OT HaCTOHLUHX 6aKTepHH. 

TipH4eM sce rrpe.UbI.llYLUl1e Cl1CTeMbl OCHOBbIBaJ111Cb Ha T11ITWieCKHX rrpH3HaKax -

Mopcpo11or11H, cp11311011or11H, 6noxHMl1H opraHH3Ma. Bòe rrpe.llJlO)!(HJI 11crro11b30-

saTb rrp113HaK11, CBH3aHHbie e aHanH30M rroc11e.uosaTeJibHOCT11 HyK11eoTH.llOB s 

)],HK B rette rrpoKap110Tw1ecK11x KJieTOK, KOTopbitt KO.UHpyeT PHK, BXO.UHLUYJO B 

COCTaB p116ocoM. KaK Mb! rosopHJIH, p1160COMbl - 3TO opraHeJIJibl, KOTOpbie 

eCTb BO scex KJJeTKax, B H11X H.lleT Cl1HTe3 6e11Ka. Kor.ua Bb!HCH11JI0Cb, '-ITO HMrre

pHH rrp0Kap110T Heo.uHopo.utta, Bfae 6brna BhI.UeJieHa 11 rrpe.u11o)!(etta CHCTeMa tte 

ITHTl1 uapcTB, a TPex .uoMeHoB. )],oMeHbI - 3TO Ha cero.UHHWHHH .ueHh caMaH 

sepxHHH 11epapXH4eCKaH KaTeropHH, COOTBeTCTBY!OLUaH tta.uuapcTBaM: 6aKTep1111, 

apxe11 11 3yKapHOTHhre opratt113Mhl. A )')!(e BH)'Tp11 3THX .uoMeHOB H.lleT .ue11ett11e 
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Ha HMnep1m, HMnepHH ,[(eJUITC51 Ha uapCTBa, uapCTBa Ha OT,[(eJibl H T. ,[(. ApxeH 

HMelOT cpe,[(HHH L(HaMeTP OKOJIO I MKM. 0TJIH''IH51 OT 6aKTepHH H OT 3yKapHOTOB 

Ha6JIIO,[(a!OTC51 B KOMnOHeHTax CHHTe3a 6eJIKa, CTPJ'K'TYPe KJieT01-!HOH CTeHKH, 

6HOXHMH1-!eCKHX npoueccax (TOJihKO cpe.11H apxei1 eCTb MeTaHoreHbl) H ycTOH1-!H

BOCTH K cpaKTOpaM cpe.llbl o6HTaHH51 (60Jibllla51 <JaCTb apxei1 - 3KCTPeMOcpHJibl). 

ApxeH He cnoco6HbI npomBO.!IHTb CJIO)l(Hbie rtt.11po1mTH<JeCKHe cpepMeHThI, no-

3TOMY B 60JiblllHHCTBe MOfYT ycsaHBaTb JIHlllh npocTeHllJHe opraHH1-!eCKHe se

mecTBa (no THny nHTaHmI 6onh111a511-1acTh apxei1 - xeMoaBTOTPOcpb1) . 

MeM6paHy apxei1 COCTaBJI5IIOT He cpoccpornHuepH.llbl )l(HpHblX KHCJIOT, KaK y 

3YKapHOT H 6aKTepHH, a MHOroaTOMHbie CnHpTbl e ueno1-1KaMH .!IJIHHOH 20-40 aTO

MOB yrnepo.11a, H npH HaJIH'IHH 40-yrnepO.!IHb!X cnHpTOB MeM6paHa npe.11CTaB

JI5!eT co6oi1 He JIHnH.[IHb!H 6HCJIOH, a MOHOCJIOH. A HX KJieT04Ha51 CTeHKa MO)l(eT 

6bITb nocTpoeHa KaK H3 6eJIKOB, TaK H H3 rJIHKOnpoTeHHOB. Ho B OTJIH'!He OT 

6aKTepHH, y KOTOpb!X B COCTaB KJieTO'IHOH CTeHKH BXO.[IHT nenTH.[IOrJIHKaH, y 

apxei1 BMeCTO Hero KJieT01-IHYIO CTeHKY MO)l(eT COCTaBJ151Tb nOJlHMep, CXO,[(HblH 

no XHMH'!eCKOMY CTpOeHHIO e nenTH.[IOrJIHKaHOM H He BCTpe<Ja!Oll.(HHC51 B npH

po,[(e 60Jib111e HH y Koro, KpoMe apxei1. 

EaKmepuu rrpe.11cTasJieHh1 rpynnoi1 npoKapHOTHhIX (6e3b51.llepHhIX) MHK

poopraHH3MOB. qHCJieHHOCTb BH.!IOB 6aKTepHH onpe.11eJI5!eTC5! MHJIJIHOHaMH, 

npH 3TOM OHH, B OTJIH'll1e OT 2-x L\pyr11x THnOB opraHH3MOB, paccpe,[(OTO'!eHbl 

IIOBCeMeCTHO. )],o KOHua 70-x rr. xx B. TepM11H «6aKTep1111» 6b!JI CHHOHHMOM 

nOH51TH51 «IIpOKapHOTbI», HO B 1977 r. Ha OCHOBaHHH .11aHHbIX MOJieKyrr51pHOH 

611onor11H rrpoKapttOThI 6brn11 pa3,[(eJieHbI Ha uapcTBa apxe6aKTep11i1 (apxei1) H 

3y6aKTep11i1 (6aKTeptti1). 

)l,JI5i 3BOJllOUHl1 6aKTepHH xapaKTepeH 51pKO Bbipa)l(eHHbIH cp113HOJIOro-

611oxHMH'leCKHH YKJIOH - npH OTHOCHTeJlbHOH 6e.[IHOCTH )l(H3HeHHbIX cpopM H 

npttMHTHBHOM CTPOeH1111 OHH ccpopM11posaJIH npaKT11<JecK11 sce 113secTHhJe B 

HacTomuee speM51 6HOXHMH<JeCKHe npouecCbl. IIpoKap110THa5! 611occpepa HMena 

~e BCe cymeCTBYIOil.(He ceH'!ac IIYTH TPaHccpopMau11H semecTBa, H Ha MHOI'HX 

3Tanax UHKJIOB 3JleMeHTOB 6aKTepHH no-rrpe)l(HeMy coxpaH5IIOT MOHOIIOJ!hHOe 

IIOJIO)l(eHHe. 3yKaptt0Tbl 113MeHHJIH J!Hlllh KOJIH'leCTBeHHbie, HO He Ka1-1eCTBeH

HbJe acneKrbI Hx cpyHKUHOHHposaHH51. HecMOTP51 Ha 01-1eHh Marrb1e pa3MepbI 

(0,5-5 MKM), cyMMapHa51 6110Macca 6aKTepHH COCTaBJI51eT 350-550 MJIP.11 T, B 

Hei1 3anaceHo 60-100 % OT yrrrepo.11a scex pacTeHHH, a 3anac a30Ta 11 cpoccpopa 

BBH.!IY HX 60Jihlllero OTHOCHTeJibHOro COL(ep)l(aHH51 B 6aKTepH51X cymeCTBeHHO 

npesocXO.!IHT 3anac 3THX 3JieMeHTOB B cpttTOMacce 3eMJIH. B TO )l(e speM51 6aK

TepHH xapaKTepH3YIQTC51 KOpOTKHM )l(H3HeHHb!M UHKJIOM H Bb!COKOH CKOpOCThlO 

o6HOBJ!eHH51 6HOMaCCbl. 0.[IHHMH H3 .11peBHeHllJHX 6aKTep11i1 51BJI5IIOTC51 uttaH0-

6aKTepHH, 6rraro.11ap5! KOTOpblM B aTMOCcpepe Ha<JaJI HaKanrrHBaTbC51 KHCJIOPOL\, 

.!IOCTHflllHH 2 Mrrp.11 rreT Ha3a.[I KOHUeHTPaUHH, .!IOCTaT01-!HhlX .!IJl51 cpopMHpOBa

HH51 )l(H3HH a3po6os. 3TO H3MeHttrro CTPYKTYPHhIH cocTaB 6aKTeptti1 - aHa-

3po6Hbie cpopMbl JIH60 BblMHparrtt, JIH60 yxO.!IHJIH B JIOKaJibHbie 6ecKHCJIOpo.11-

Hbie 30Hhl, 'ITO 3Ha'!HTeJibHO COKpaTHJIO HX KOJIH<JeCTBO H BH.!IOBOe pa3H006pa-
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3He. CKopocrn rrpOCTJJaHCTBeHHOro pacrrpocTpatteHm1 6aKTepHtt MHOroKpaTHO 

rrpeBOCXO.lUIT CKOpOCTJ.:I pacceJJeHml apxett 11 3yKapHOTOB. 

IlpH JJl1HeHHOM yseJJJ.:llieHl111 pa.n11yca KJJeTKJ.:I ee rrosepXHOCTh B03pacTaeT 

rrponopuHoHaJJhHO Ksa.upary pa.n11yca, a o6beM - rrponopuHoHaJJhHO Ky6y, 

IT03TOMY y MeJJKl1X opraHl13MOB OTHOrnett11e nosepxHOCTl1 K o6beMy BhIIIIe, 

qeM y 6onee KpynHhIX. B pe3yJJhTaTe MeJJK11e opraHH3MhI OTJJJ.:1qa1-0TC» 6onee 

aKTHBHhJM o6MeHoM semecTB e 0Kp)')Ka1-0meì1 cpe.noì1, 11 Hx MeTa6onJ.:1qecKa» 

aKTJ.:IBHOCTh Ha e.n11H11uy 6110MaCChl MO)f(eT 6b!Tb Bh!We, qeM y KpyITHhlX opra

HJ.:13MOB. Il03TOMy He60JJbWJ.:le na)f(e .llll.SI MJ.:1KpOOpraHl13MOB pa3Mephl .na!OT 

6aKTepH.S!M 11 apxe.HM npeHMyll.{eCTBa B CKOpOCTJ.:I pOCTa 11 pa3MHO)f(eHJ.:l.S! no 

cpaBHeHHIO e 6onee CJJO)f(HO opraHl130BaHHblMJ.:I 1yKapHOTaMH. 

Bupycbz - npoCTeì1rna» cpopMa )f(l13HH Ha Haweì1 nnaHeTe, npe.uCTas

JJ.HIOll.{a» co6oìi MoneKyllhl n1160 .[{HK, n1160 PHK, 3aKJJ1-0qeHHb1e s 3am11THYID 

6eJJKOBYIO o60JJ04KY 11 cnoco6Hble 11ttcp11uJ.:1posaTb )f(J.:!Bble opraHJ.:13Mhl (Kanc11-

.ua), qTO OTJJ11qaeT BHpycbI OT .npyrnx HHcpeKUHOHHhlX areHTOB. B11pyChl .SIBJl.Sl

IOTC.SI o6nHraTHb!MH napa3HTaMH, T. e. OHH He cnoco6Hbl pa3MHO)f(aThC.SI BHe 

KJJeTKH. BHpychI aKTHBHO yqacTBy!OT B ropH30HTaJJbHOM .npeìicpe H retteTw1e

CKJ.:1 CB.Sl3aHhl e npe.ucTaB11TeJ1.HM l1 cpnopbl 11 cpayttbl 3eMJJl1. 

B HacTo»mee speMll cyrnecTsyeT HeCKOJJhKO r11n0Te3, o6b.HCH.Hl0ll.{HX npo

HCXO)!(.lleHHe BHpycos. C411TaeTC.H, 4TO KpynHbie .[{HK-co.nep)f(all.{J.:le BHpycbJ 

npoHcxo.n»T oT 6onee CJJO)f(HhIX sttyTpHKJJeToqHhIX rrapa3HTOB, yTJJaTHBWHX 

3HaqJ.:1TeJJhHYID 4aCTh csoero rettoMa. TaK, tteKOTOph1e .[{HK-co.nep)f(amHe BH

pychI (BHpyc OCITbl H .up .) KO.UHPYIDT cpyHKUJ.:IOHaJJbHO H36bJTOqHhie cpepMeHTbl, 

sepo.HTHO, OCTaBWHeCll HM B Hacne.ncTBO OT 6onee CJJO)f(Hb!X cpopM CYIUeCTBO

BaHJ.:l.SI . Ho HeKoTopbie s11pycHh1e 6enK11 He o6Hap)')KHBa!OT HHKaKott roMono

rHH e 6enKaMH 6aKTep11ì1 , apxeì1 11 1yKap110T, qTo CBJ.:1.UeTeJJbCTByeT o cpaBHJ.:1-

TeJlhHO .nasHeM 06oco6ne1rnH 3TOH rpynnhI. .[{HK-co.nep)f(amHe 6aKTepHocparn 

J.:I HeKOTOpb!e .[{HK-co.uep)f(arnHe BHpyChl 3yKapHOT, B03M0)f(H0, npOHCXO.llllT OT 

Mr3 - y4acTKOB )..{HK, cnoco6HhIX K caMocTo»TeJJhHOH pennJ.:1Kau11J.:1 s KJieT

Ke. IlpoHCXO)f(.llett11e HeKOTOpbIX PHK-co.nep)f(aIUHX BHpycos CBll3hIBa!OT e BH

poH.naMH - BhICOKOCTpyKTyp11posattHhIMJ.:1 KOJihUeBbIM11 cpparMeHTaMH PHK, 

periJJHUHpyeMhJMH KJieTOL!HOH PHK-nonHMepa3ott. 

IlosceMeCTHall pacnpOCTpaHeHHOCTb BHpycoB B 3Ha1JJ.:ITeJihHOH CTeneHJ.:I 

CB.H3aHa e 6Horeorpacp11eì1 opraHH3MOB-X03.HeB, 'ITO o6b.HCH.SleTCll 11X 06nJ.:1raT

HOH cpyHKUHeì1. BHpych1 llBJill!OTCll o.nHoì1 H3 caMhix pacnpocTJJaHeHHhIX oKea

HH'IeCKHX cpopM cymecTBOBaH H» (BO.Uhi MHposoro OKeatta co.nep)!(aT OKOJIO 

250 MJIH 4aCTJ.:IU Ha MHJIJIHJlHTp BO.llbl [33], a J.:IX o6ma» 4HCJieHHOCTb B OKeaHe -

OKOJ10 4 X I 030 [34 ]), H HX pacnpoCTpaHeHHe 3aBJ.:ICJ.:IT OT MOpCKJ.:IX TelJeHHH [35]. 
TaK, caMoe pa3Hoo6pa3Hoe BHpycHoe coo6rnecTBo (129 ThIC. pa3JIJ.:1qa1-0IUHXC» 

BHpycHhIX reHOTHnos) 6brno o6Hap)')Ketto He B caMOM 6JJH3KOM K 3Ksarnpy paìi

OHe - MeKCHKaHCKOM 3aJIHBe (r.ne, no onpe.neneHHIO, Ha6n1-0.naeTc.H MaKcH

MaJlhHoe 6Hopa3Hoo6pa3He), a y no6epe)f(b.H EpHTaHCKOH KonYM6HH. 3rn 06b

.HcH.S1eTC» TeM, 4TO 3.UeCb HMeeTC.SI BOCXO.ll.HIUee MOpCKOe TeqeHHe, ITO.UHHMalO-
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mee Ha rrosepxHOCTh 6i10reHHhie 311eMeHThI H3 rnyforn oKeaHa. A Ha11MeHee 

pa3Hoo6pa3HhIH KOMrnieKc BHpycos (532 reHoT11rra) xapaE<TepeH .UJI51 CesepHoro 

Jie.uoBHToro oKeaHa. Oco6eHHO seJIHKO 3Ha'leHHe BHpycos Ha 6011hw11x (6011ee 

1000 M) rny6HHax, r.ue IIO'ITH BC51 CMepTHOCTh 6aE<TepHH onpe.ue115leTC5I BHpyc

HhIM11 11Hcl>eKUH51MH, r.ue, pa3pywa51 6aE<TepHaJihHhie KJieTKH, BHpyChl aKTHBHO 

y'laCTBYJOT B KpyrosopoTe semecTB. 3apa)l(eHHe 6aE<TepHoct>araMH KJieTOK rrpo

KapHOT (3y6a1<Tep11H H apxe6aE<TepHH) 'laCTO rrpHBO.lll1T K HX pa3pyweHl1lO (1111-

311cy) 11 BhlCB060)l(JleHHIO B cpe.uy pacTBopeHHOro 11 B3BerneHHOro opraHH'le

CKOro semecTBa, KOTOpoe CHOBa MO)l(eT norpe6JI51ThC51 6aE<Tep1151M11. 

3yKapuombl OTHOC5ITC51 K Ha.uuapCTBY 51.UepHhIX opraHl13MOB. KaK Mhl y)l(e 

rosop111111, Ba)l(HYIO poJih B 3BOJIIOU1111 3yKapHOT Chirpa11 c11M611oreHe3. K 3yKa

pHOTaM OTHOC51TC51 )l(HBOTHhie, pacTeHl151, rp116hI 11 rrpOTHCThl (reTeporeHHa51 

rpyrrrra 3yKapHOTOB, o6be.UHHeHHhIX oTcyrcTBHeM CJIO)l(HOH CTPYKTYPhI - o.u

HOKJieTO'!Hhie, KOJIOHHaJihHhie HJIH MHOrOKJieTO'IHhie, He 11MeJOm11e BhICOKOOp

raHl130BaHHhIX TKaHeH). 

fIOHBJieH11e 3yKap110TOB CBH3aHO e Ha'!aJIOM 3IIOXl1 caMhIX KpyIIHhIX 3a 

BCIO HCTOpHlO 3eMJIH reo11orn'leCKl1X rrpeo6pa30BaHl1H 2,7-2,5 MJIP.ll JieT Ha3a.U 

(Ha py6e)l(e apxe51 H npoTepo3o51). B 3TO speM51 rrpo113ow110 cpopMHpoBaHHe 

)l(eJie3HOro 51.Upa 3eMJIH, '!TO rrpHBeJIO K CKa'IK006pa3HhIM Ka'leCTBeHHhlM H3-

MeHeH1151M B reoccpepe, BKJIJO'la51 pe3KOe IIOBhIWeH11e pH MOpCKOH BO.Uhi [36]. 
<!>opM11poBaH11e 3eMHOro 51.Upa MOrJIO 51B11ThC51 Ba)l(HeHUJ11M cpaE<TopoM B pa3Bl1-

Tl1H KJieTO'IHOro 51.Upa H ceJieKTHBHOro rrpe11MymecTBa rrepBhIX 3yKap110T, KaK 

opraHl13MOB e 6011ee cosepweHHhIMH 11 yH11Bepca11hHhIMH a.uanTHBHhIMl1 Mexa

Hl13MaM11. fio CBOeH 3KOJIOrl1'leCKOH TOJiepaHTHOCTl1 0.llHOKJieTO'!Hhie 3yKap110Thl 

He3Ha'!11TeJihHO ycrynaIOT npoKap110TaM. B '!aCTHOCTH, OHH Moryr ycnewHo 

pa3MHO)l(aThC51 H .uasaTh 6011hrny10 6110Maccy B yc11osm1x, KaK no11ara10T, 6JIH3-

Kl1X K TaKOBhlM B apxeHCKOM OKeaHe (s arpeCCl1BHhIX cpe.uax e BhICOKl1M co

.uep)l(aH11eM COJieH T51)1(eJil>IX MeTaJIJIOB 11 3Ha'leHH51X pH .uo 0,5), rrp11'leM no.u

'laC B TaKl1X arpeCCl1BHhIX cpe.uax 6110Macca 11 pa3H006pa3He O.UHOKJieTO'IHhIX 

3yKap110T 3Ha'IHTeJihHO Bhirne, 'leM np0Kap110T [37, 38]. BepOHTHO, e.uHHCTBeH

HhIM 3KOJIOrl1'1eCKl1M orpaHH'leHHeM .UJI51 3yKap110T Morna 6h!Th HeB03M0)1(

HOCTh 3aHl1MaTh H11II111 rm1epTepMOcpHJIOB H3-3a HeycTOH'll1BOCTl1 MOJieKyJihl 

11HcpopMm..1110HHOH PHK npH BhICOKHX TeMnepaTypax. EcnH y rnnepTepMo

cp11JihHhIX 6a1<Tep11H He06XO.lll1MOe speM51 cymecTBOB3Hl151 11PHK ( OT rpaHC

Kp11IIUH11 .uo TpaHCJI5IU1111) HeBeJIHKO, B 3yKap110T11'!eCKOH KJieTKe 11PHK .UOJI)l(

Ha coxpaH51Th ycTOH'IHBOCTh .UOCT3TO'IHO .uonro, IIOCKOJihKY .llJI51 TpaHCIIOpTa 

MOJieKyJihI PHK OT MecTa CHHTe3a B H.Upe .uo MecTa TpaHCJIHUH11 B UHTonna3Me 

Tpe6yeTC51 .UOIIOJIHHTeJihHOe speMH [39]. 
Coo6mecTsa MHKpoopraHH3MOB Moryr .uocT11raTh o'leHh BhICOKOH cTene

HH l1HTerpau1111. 11, BOJMO)l(HO, HHTerp11pylOIUHe MexaHl13Mhl, 06ecne'!11Bal0-

m11e ueJIOCTHOCTh 11 cornacosaHHYIO pa6oTy qacTeH 3yKapHOTH'leCKOH KJieTKH, 

H3'!3Jil1 pa3BHBaThC5! eme .uo 06be.U11HeHJ15! 3THX MexaHJ13MOB B o6mew KJieTKe. 

fipH 3TOM ropH30HTaJihHhIH o6MeH reHaMH MOr IIOCJI~HTh B3)1(Hh!M npea.uan-
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TUUHOHHblM cpaKTOpOM .[IJUI nOCJie.LlyIOIUero nepeHoca 60JibUIHHCTBa MHTOXOH

.LlpHaJibHbIX H nJiaCTH.UHbIX reHOB B 51,Upo [3]. K OCHOBHbIM HHTerp11pyIOIUHM 

MexaHH3MaM ueJiecoo6pa3HO OTHeCTH cnoco6b1 nepe,naqtt retteTttqecKott HH

cpopMauHH H :noJiornqecKHe cpaKTophI. 

illttpOKO pacnpOCTPaHeHHbltt y npoKapHOT ropH30HTaJibHbltt .upettcp .ueJiaeT 

MHKp06Hbie 6ttoueH03bI, BKJIIOqaIOIUHe pa3Hble BH.Ubl 6aKTepHtt, BO MHOroM 

CXO.LIHhIMH e coo6mecTBaMH BhICUIHX oprattH3MOB [3). Ho y 3yKapHOT, no cpas

HeHHIO e npoKapHOTaMH, npHHuHnHaJibHO HHaqe opraHH30BaH ropH30HTaJihHbltt 

o6MeH reHeT11qeCKHM MaTepHaJIOM Me)!(.uy OT,LleJibHb!MH opraHH3MaMH. y npo

KapHOT umpOKO pacnpOCTPaHeH o6MeH yqaCTKaMH .IJ:HK Me)!(.uy npe.ucTaBHTe

JI51MH pa3Hh!X TaKCOHOB, a y 3YKapHOT Me)!(BH.UOBOH o6MeH retteTHqecKHM Ma

TepHaJIOM coxpaH51eTc51 npe11MymecTBeHHO y HH3UIHX cpopM. YcTaHOBJieHhI 

cpaKTbI ropH30HTaJibHoro o6MeHa Me)!(.uy BCeMH TPeM51 «BeTBllMH )!(H3HH» -

apxeH, 6aKTepHH H 3yKapHOTbl [40]. 0.uttaKO B 3BOJIIOUHH 3yKapHOT '.}TOT Mexa

HH3M no.z:1.uep)!(aHH5! H3MeH4HBOCTH H np11cnoco6JI5leMOCTH ttrpaeT Mettee 3Ha

'-IHTeJibHYIO poJih, '-!eM y npo1<ap110T. Mopcpocptt3HOJiornqecKall .UHCKpeTHOCTh 

TUKCOHOB npoKapHOT no,U.L1ep)!(HBaJiaCb .UHCKpeTHOCTblO HHUI HJIH 6ttoreOXHMH-

4eCKHX cpyHKUHH, H, IIO-BH.LIHMOMy, HeKOHTpOJIHpyeMhIH ropH30HTaJibHbIH ne

peHOC CHJibHO 3aMe,UJillJI 3 BOJllOUHIO npoKapHOTHOH 6ttoccpepbl [ 41]. 
BMecTO ropH30HTaJihHOro .upeìicpa y 3yKap110T crnJI pa3BHBUThC51 6oJiee 

COBeprneHHbltt H KOHTpOJIHpyeMbltt MexaHH3M BHYTPHBH.LIOBOro o6MeHa reHa

MH - nOJIOBOH npouecc, KOTOpbltt ccpopMHpOBUJICll H pa3BHJICll KaK HOBOe 

cpe,LICTBO Bbl)!(HBaHHll npH H3MeHeHHH ycJIOBHH o6HTaHHll. l1 B HUCTOllIUee 

BpeMll MHOrHe npHMHTHBHbie 3yKapHOTbl pa3MHO)!(alOTCll 6ecnOJiblM nyTeM B 

6JiaronpH51THb!X ycJIOBHllX, a npH yxy.uUieHHH ycJIOBHH nepeXO.UllT K KOH'bIOra

UHH. CyTh s TOM, LITO 3HroTa, o6Jia.uaromall .usottHhIM 3anacoM nttTaTeJihHhIX 

BemecTB H qacTo IIOKpblTUll nJIOTHOH o60JIOqKOH, HMeeT nOBbJllieHHhie llIUHCbl 

nepe)!(HTh tte6JiaronpHHTHhitt neptto.u, a 06pa3yromttec51 s pe3yJihTaTe pe,LlyK

UHOHHoro ,LleJieHHll KJieTKH, BCJie,UCTBHe peKOM6HHaTHBHOH H3MeHqHBOCTH, OT

JIHqafOTCll oT po.UHTeJihCKHx. 3To MO)!(HO TPaKTOBaTb KaK cpe.ucTBO 3KCTpeHHO

ro nOBbIUieHHll H3MeH411BOCTH B nonyJillUHH, np11qeM cpe,UCTBO 6oJiee 3cpcpeK

TH.irnoe H 3KOHOMHOe, 4eM Hepery1mpyeMoe H3MeHeHHe co6CTBeHHOro reHOMa 

y npoKapttoTos. B pe3yJihTaTe pa3BHJIHCh HOBhie, 6oJiee 3cpcpeKTHBHhJe Mexa

HH3MhI no.u.uep)!(aHH51 B nonyJillUHllX Heo6XO.UHMOro ypOBHll reHOTHnHqeCKOH 

H3MeH'-!HBOCTH: nOllBHJIHCb xpOMOCOMbl, MexaHH3M KpOCCHHrosepa H peKOM-

6HHaTHBHall H3MeH'-!HBOCTh [3). MexaHH3MhI, KOHTpOJIHPYJOIUHe ypoBeHb no

JIHMopcptt3Ma y 3yKapHOT, OKa3aJIHCb ropa3.LIO 6oJiee COBepUieHHbIMH no cpaB

HeHHIO e HHTeHCHBHblM MyTHpOBaHHeM H Heynopll.LIO'-!eHHbIM ropH30HTaJibHbIM 

nepeHocoM y npo1<ap110T. B ueJioM MO)!(HO cq11TaTh, LITO ycTottqHBOCTh 3y1<ap11-

0T KaK Ha.uuapCTBa CB513aHa e HX 6oJiee YHHBepcaJibHOH H 3KOHOMHOH a.z:1an

THBHOH CTpaTer11eì1, OCHOBaHHOtt Ha KOH'bfOraUHH. 

HeKOTOpb1e 3y1<ap110ThI Hay'-!HJIHCh «HMHTHposaTh» x11M11qec1<11e c11rHa

JihI, np11cym11e npoKapHOTaM H Heo6xo,UHMbJe .LIJlll KOOp.UHHauHH noBe,LleHHll 

~ 
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3JieMeHTOB coo6mecrsa, 'ITO no1soJI11Jio HM peryJI11posaTh )KH3He.uesneJihHOCTh 

npoKapHOT B CBOeM OKpJ)l(eHl-111 [42]. 
CospeMeHHhJe r11nh1 coo6mecrsa np0Kap11oros, BKJII01rnI011l11e u11aH06aK

rep1111 11 rereporpo<i>HhJe 6aKTep1111, o6pa3yIOT 6aKTep11aJibHh1e MaTbI, KOTOpbre 

scrpeqaIOTCSI B pa3JIHqHblX 3KCrpeMaJibHblX Mecrax 0611raHHSIX 11 xapaKTepH-

3YIOTCSI nOBbillleHHOtt 3KOJIOr11qeCKOtt TOJiepaHTHOCTbIO, a TaK)Ke Bh!COKOH CTe

neHblO 11Hrerpau1111 KOMnoHeHTOB coo6mecrn (Hanp11Mep, CJIO)f(HhIM npocrpaH

crseHHhIM pacnpe.ueJieHHeM no rpa.u11eHTaM KHCJiopo.ua, pH 11 .upyr11M sa)f(Hett

w11M napaMerpaM). IIo3TOMY 11x MO)KHO paccMarpirnaTb B Kaqecrse aHaJioros 

coo6mecrs npe.UKOB 3yKap11or [43]. 3ro npe.unoJIO)KeH11e KocseHHO no.ursep

)K,llaercsi naJieOHTOJIOr11qeCKl1Ml1 11 reoJIOfl1'1eCKHMl1 .uaHHhlMH [ 44]. 

BcJie.ucrs11e HenoJIHOThI Hawero 3HaHH» .ua)Ke np11 0611JI1111 r11nore3, cJie

.uyer npH3HaTb, qro y.uosJieTBOpHTeJihHOtt reop1111 B03HHKHOBeHHSI )!(113Hl1 Ha 

ceronH»WHHì1 .ueHb He cymecrsyer. Ho e 6oJibWOtt .uoJieì1 ysepeHHOCTH MO)KHO 

yrnep)K.uarh cJie.UyIOmee : 

Ha HepasHoBeCHOH rpaH1-1ue .upesHero oKeaHa e aTMoccjJepoH npo1-1cxo.o,1-1n ec

recTBeHHblH npouecc, np1,18e,D,WHH K cjJopMHposaHHIO OTH001TellbHO CTa6HJlbHblX 

Be3HKyll, noKpblTblX 6HCJ10HHOH (nHnH,D,HOH) MeM6paHOH, HMelOW,HX KJleT04Hble 

pa3Mepb1 H xapaKTepHblH .o.mi K!leTOK COJleBOH COCTaB, HHBeprnposaHHblH no 

co.o,ep>KaHHIO KarnoHOB OTH001Te!lbHO MOpCKOH 80,D,bl. .Use cjJyH,D,aMeHTa!lbHble 

a01MMeTp1111 - KJ1eT04HO- HOHHa51 11 MOlleKy!15lpHo-x11pa!lbHa5l - 6blJ111 3acjJHKCl1-

posaHbl s xo.o,e e,D,HHOro npoL(ecca o6pa3osaHH51 a3p030JJeH. Ha aa.0,1-11-1 nepe

xo.o,a OT a6HoreHHOro 01HTe3a nepBH4HblX opraHH4eCKHX coe,D,HHeHl1H K 6HOJlO

rH4eCKOH 380JllOUHH no.o,o6Hble CTa6HJlbHble HepaBHOBeCHble o6pa30BaHH51 

BnOJJHe MOrJJl1 CTaTb np06HOHTaMl1 - npe.o,weCTBeHHl1KaMH >Kl1BblX K!leTOK. no

BepXHOCTHblH MHKpOC!lOH, e KOTOpblM Mbl CB513blBaeM 803Hl1KHOBeHHe npe.o,we

CTBeHHHKOB >KHBblX K!leTOK, MOr CllY>KHTb TaK>Ke MexaHOXHMH4eCKHM peaKTopoM 

Af15l Ha4aJlbHOH 380JllOUl111 01CTeMbl KOHBapHaHTHOH pe.o,ynn11KaL(Hl1. 

)f(113Hb Ha 3eMJle Ha4aJlaCb npH nepexo.o,e OT CTa,D,Hl1 cjJH311KO-Xl1MH4eCKOH 380-

JllOL\HH K 61-1onorn4ecKoH E caMopenn1-1u1-1py10w,11xrn MOJJeKyn PHK. Y scex >K11-

BblX opraHl13MOB s rnCTeMe 01HTe3a 6enKa PHK yYaasyer He TO!lbKO KaK Horn

Te!lb 11HcjJOpMaL(l111, HO BblnOJ1H5leT TaK>Ke CTpyKrypHylO 11 TpaHcnopTHYIO cjJyHK

L\11H (p116ocoManbHa5l 11 rpaHcnoprnaH PHK) - 3TO HaCJle.o,11e .o,pesHero 3Tana 

«PHK->K113H11» (4,0- 3,8 MJJPA neT Ha3a.o,). 

( T04Kl1 3peHl15l Cll0>KHOCTl1 OpraHl13aUl111 pa3pb18bl Me>K,D,y «nep8114HblM 6yllbO

HOM» 11 npe.o,wecrneHH11KaMl1 >K118blX K!leTOK 6aKTep115lMl1-npoKap110TaM11 HH-

4YTb He MeHbWe, 4eM Me>K,D,y 6aKTep1151Ml1 11 MJleKon11TalOW,l1Ml1 . 

YcTOH411soe cyw,ecrsosaH11e 611occjJepb1 aano B03MO>KHblM TOJlbKO np11 yCJlos1111 

OTHOCl1TellbHOH 3aMKHYTOCTH 611oreOXl1Ml14eCKl1X Ul1KJ10B, KOTOpa51 Marna 6b1Tb 

o6ecne4eHa coo6w,ecrnaM11 M11KpoopraH113MOB e pa3HblM11 611oreox11M1-14eCKH

Ml1 cjJyHKL\115lMl1 . 3TO 04e811,D,HO Af15l 3Tana npe,D,>Kl13Hl1: Hl1 0,IJ,Ha OT,D,e!lbHO 8351-
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TaSl opraHl1YeCKaSl MOneKyJia He MO>KeT YCTOHYl1BO caMOBocnpo113BOA11TbCSl 11 

noAAep>K11BaTb roMeocra3 B ycno011six 113MeHSllOLUerorn 0Kpy>KeH11Sl. BeposiTHee 

Bcero, 06ll.(11M npeAKOM Bcero >K11BOro 6blJ10 no1111MopcjJHoe coo6ll(eCTBO, B KO

TOpOM B04apt•1Jl(Sl KOJlJleKTHBHblH Cl1M6110H1YeCKl1H (CHHeprernYeCK11H) roMeo

CTa3 11 np011CXOA1111 aKTHBHblH o6MeH HacneACTBeHHblM Marep11a110M Me>KAy op

raHl13MaMl1. Pa3H006pa311e, CHM61103, pa3Ae11eH11e cjlyHKL\11H, 11HcjJOpMaU,110HHblH 

o6MeH - 113HaYaJ1bHble CBOHCTBa 3eMHOH >K113Hl1. 

4.5 . XwpanhHOCTh B OHToreHe3e 

Ha np11Mepe 06c)T)K.z:ca0w11xcH s1>1we sm1rneH.w11x cTapTOBhIX npoTOKJie

TOqHhlX aCl1MMeTPl1H paCCMOTp11M HeKOTOp1>1e 11X npOHBJieHJrn B OHTOreHe3e. 

HanoMHl1M, 'ITO L-aM11HOK11CJIOT1>1 BCTPe'IaJOTCH B opraH113Max KaK B cso60.11-

HOM s11.ue, TaK 11 B COCTaBe nenT11.UOB 11 6eJIKOB, Cl1HTe311pyeMhIX Ha p116oc0Max, 

Tor.11a KaK D-aMl1HOKl1CJIOThl B Han!BHhlX 6eJIKax He BCTPe'IaJOTCH. roMOXl1-

paJihHhle OJI11ronenTl1.Uhl, COCTOHI1(11e 113 L-aMl1HOKl1CJIOT, qame scero HBJIHIOTCH 

cj:>parMeHTaMl1 6eJIKOB [ 45], Tor.ua KaK BKJI10qeH11e D-aMl1HOKl1CJ10T B OJil1ronen

Tl1)1hl ocymecTBJIHeTCH e nOMOil(hlO cneu11aJI11311pOBaHHhIX cj:>epMeHTOB. 

B cepe.1111He XX B. CB060.uH1>1e D-aM11HOKl1CJIOThI B pacTeH11Hx 11 lKl1BOT

HhIX eme He 6hm11 06HapyJKeH1>1, no3TOMY cq11Tanoc1>, qTo L-aM11HOKl1CJIOThI -

ecTeCTBeHHhIH np11pO.l1HhJH npo.11yKT, a 11X npaBhle CTepeo1130Mephl He CBOHCT

BeHHhl lKl1BhIM Cl1CTeMaM . 

Onpe.11eJieH11e CJie.UOBhIX KOJI11qecrn D-Asp, D-Glu 11 NMDA (N-MeT11n-D

acnapar11HosaH Kl1CJ10Ta) B TKaHHX ocymeCTBJIHeTCH e nOMOlllhlO D-AspO (OK

Cl1)1a3a D-Acnaprnrn) [46, 47] . MexaHl13M peaKu1111, B KOTopoH. D -AspO OK11c

JIHeT D-Asp, BhirJIH.U11T cne.11y10I1111M o6pa3oM: 

D-Asp-(D-Glu 11n11 NMDA) + 0 2 + H 20 2 + (D-AspO) --> 

--> a-KeTOaM11HoK11cJIOT1>1 + H 20 2 + NH3 (11JI11 CHrNH2) + (D-AspO). (4.18) 

BcJie)ICTB11e oK11cJieH11H o6pa3y!OTCH OKCaJioaueTaT, aMM11aK 11 nepeK11c1> 

00.11opo.11a. 

MHorne D-aM11HoK11CJIOThI, B qacrnocT11 D-Asp, D-Ser 11 D-Ala, BCTPe

qafOTCH B cso60.11HOM COCTOSlHl111, a TaKJKe B COCTaBe nenT11.UOB 11 6eJIKOB 6aK

Tep11H., nneceHeH., no3BOHO'IHhIX 11 6ecno3BOHoqH1>1x [ 48, 49] . HaJI11q11e 

D-aMl1HOKl1CJIOT B COCTaBe nenTH.UOB KJieToqHhIX CTeHOK 11 aHTl16110Tl1KOB 

06ecneq11saeT 3am11Ty OT B03.Ueì1cTBl1Sl nenT11.11a3 11 pa3pywa1011111x npoTea3, He 

cnoco6H1>1x pa3opsaTh DD- 11 DL-cssi311. D-Asp TaKJKe 61>m Haì1.11eH B .11eHT11He 

qeJioseKa, B rna3H:hIX Jil1H3ax, B KaTapaKTe, B M03re, B xpHmax . 

.JJ:o He.11a0Hero speMeH11 61>mo np11HHTO cq11TaT1>, qTo D-aMl1HOKl1CJIOThI 

HBJIHIOTCH no6oqHhIM Hecj:>yHKU110HaJlhHhIM cj:>aKTopOM, conpOBOlK)la1011111M na

TOJior11qecK11e 11 B03paCTHhJe 113MeHeHl1H opraHl13Ma qeJIOBeKa 11 lKl1BOTHhlX. 

.JJ:eì1CTBl1e MHOr11x JieKapCTBeHHhIX 11 arpox11M11qeCKl1X npenapaTOB CBH3aHo e 

x11paJihHOH 'IaCTOTOH BXO)IHI1111X B Hl1X 3HaHTl10MepoB aMl1HOKl1CJIOT: TepaneB-
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nr'leCKilìi ::icpcpeKT '!aJIJe 06ycnoBJ1eH L-cpopMoìi, a D-::iHaHT!iOMepbI MoryT 06-

na,naTb TOKC!i'!Hb!Mli Ii ,Ua)!(e MyTareHHb!Mli CBOHCTBaM!i (TaJIIi).laM!i).\, 3TaM6y

TOJI, rreHm.(IiJIJiaM!iH Ii np.). Ha 3TOM ocHoBaH!ili 6onee rronyseKa Ha3a.U 6bIJI 

ccpopMyJI!ipOBaH rrp!iHQ!iIT «X!ipaJibHOìi 'lliCTOTbl 61ioccpepbI», Ka3aBW!iHCll 

MHOnre rO,Ubl He3bI6JI!iMb!M. 

l1ccJie).\OBaHHll ITOCJie).\HliX necllT!iJieT!iH ITOKa3aJIH, 'ITO OTKJIOHeH!ill OT 

rrpttHQttrra «XttpaJibHOìi 'IHCTOTbI» CB513aHbl e peryJillTOpHbIMH MexaHH3MaMtt. 

Mb! pa3,nenlleM cpyHKUHH ::ittaHTHOMepos aMttHOKttCJIOT no .UBYM ttanpasneHtt

llM: L - CttHTe3 6enKoB, a D - perynllIJ!ill Ba)!(Heìiwttx rrpoueccos. 

Mb! Bbl).\BliraeM fliITOTe3y, cornaCHO KOTOpoìi MexaH!i3Mbl, neìiCTBYIOllJHe 

B paHHeM 3M6p!ioreHe3e, socrrpott3BOJ\51T npoueccbI B03HHKHOBeH!ill rrpenwe

CTBeHHHKOB )!(llBblX KJieTOK. 11 rrpoTOKJieTK!i, 11 3M6pttOH Ha Ha'!aJibHb!X CTa,UH

llX pa3BHTl1ll HaX0).\5!TCll B paueMaTe: rrpOTOKJieTK!i B pa11eMaTe OKeaHa, a 3M-

6pttOH B pa11eMii'-IeCKOH )!(!i).\KOCT!i MaTep!iHCKOro opraH!i3Ma. )J,Jill pa3BliT!ill H 

pocTa IiM He06XO).\liMO 3arrycT!iTb )!(!i3HeHHO Ba)!(Hb!e MexaH!i3Mbl, CB513aHHb!e e 

HaKOITJieH!ieM Ii cppaKQ!iOH!ipOBaH!ieM IiOHOB, aM!iHOK!iCJIOT Ii npyrliX Heo6xo

).\liMbIX semecTB Ii3 OKpy)!(aJOmeìi cpe.l.\bl. TaK!iM o6pa3oM, MbI pacw!iplleM 

0611Je61iOJIOfli'!eCK!iH 3aKOH reKKeJill CJie,nyJOJIJiiM o6pa30M : B liH).\IiBH,UyaJib

HOM pa3BliT!ili opraH!i3M BOCITpO!i3BO).\liT 3TaITbl 3BOJIIOQ!ili, Ii, B03MO)!(H0, B 

rrepBb!e .UH!i )!(!i3Hli 3M6p!iOH socrrpO!i3BO).\HT npoTOKJieTKy, cpopM!ipyJOJIJYIOCll 

B rrepB!i'IHOM M!iposoM oKeatte. 

no 6HoreHern4eCKOMY 3aKOHY 3pHCTa feKKenl! B L-1HAL-1BHAYanbHOM pa3BHrnH 

4enoBeKa (OHTOreHe3e) KaK 6bl BOcnpOH3BO,!l.l!TCll OCHOBHble 3TaITbl 3BOnlOLJ,HH 

(qmnoreHe3a). 0HroreHe3 paccMarpHsaer pa3sHrne opraHH3Ma e OAHOKneT04-

HOH CTa,D.HH (llHLJ,eKneTKa, onno,D.OTBOpeHHal! cnepMaT030H,!l.OM), a Mbl pacnpo

crpaHl!eM 3ry reopHIO Ha AOKneT04HYIO CTa,D.HIO, T. e . o6pa30BaHHe nporoKneTKH, 

nepBH4HOe HOHHOe H XHpanbHOe cppaKLJ,HOHHposaHHe. 3ro IT03BOnl!eT pac

CMaTpHBaTb e o6w,eei T04KH 3peHHll C06blrnll o6pa30BaHHll npe,D.wecrseHHHKOB 

>KHBblX KneTOK 3,8 Mnp,D. neT Ha3a,D. H L\HKnH4eCKH nosropl!IOW,HeCll npou.ecCbl 

cnepMarore3a H ooreHe3a, npe,D.wecrnyiow,He onno,D.ornopeHHIO H crapry HCTO

pHH HOBOrD opraHH3Ma. 06a 3rnX npou.ecca BKnl04alOT cpopMHpOBaHHe HOHHOH 

H. XHpanbHOH aCHMMeTpHH. 

Pacrrpe,ll,enem1e D-aM\HOKJICJIOT B opraHax rr TKaIDix 

D-acnaparliHOBall KliCJioTa - Ha!i6onee wttpoKo pacnpocTpaHeHHall 

aMttHOK!iCJIOTa B pa3Jil1'1HbIX opraHax 11 TKaHllX )!(11BOTHbIX [50] . B 3HaY.11TeJib

HbIX KOJitt'!ecTBax D-Asp o6Hapy)!(eH B M03re OCbM!iHOroB Vulgaris Octopus, B 

nep!icpep!il.!ecKoì1 HepBHOH CliCTeMe KapaKaTHU Sepia offzcinalis Ii KaJibMapos 

Loligo vulgaris, a Tai<)!(e B lix penponyKT!iBHOìi C!iCTeMe . Brrocne.ncTBl1Ii 

D-Asp 6bIJI o6Hap~eH B HepBHOH 11 3H).\0Kp11HHOH TKaHllX MHOfliX .upyr!ix 

)!(!iBOTHbIX: B raHrnlil!X MOpCK!iX 3aìf11es Aplysia fasciata Ii Aplysia Limacina, B 

nonOBbIX KJieTKax 3M6p!ioHa tt y B3pOCJibIX acQ!i.Uliìi Ciana lntestinalis, B 
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HepBHhIX raHrmrnx paKoo6pa3HhIX Jasus lalandii (0Mapb1), B roHa.uax 11 B rap

.uep11aHOBhIX )l(eJieJax aMqm611ì1 Rana esculenta (3eJieHaH JJHryuJKa), B H111rn11Ke 

perrTl1JIHH Podarcis sicula (11TaJlhHHCKl1e CTeHHhie S!Ulep11Ubl), B HepBHOH Cl1C

TeMe pb16 Merlucius merlucius (esporreì1CKHH xeK) H Solea Solea, B MOJre Kyp 

Gallus Gallus. KpoMe Toro, rrpttcyTcTs11e D-Asp TaK)l(e orrHcaHo s Heì1po:rn

.llOKpHHHOH cHcTeMe MJieKOIIHTaJOlllHX, B qacTHOCTH y MhIIUeì1 Mus musculus, 
KphIC Rattus Norvegicus H y qenoseKa Homo sapiens, a TaK)l(e B KYJJbTYPHhIX 

IIHHeaJIOUHTaX KphIC H B orryxoJJH rnrrocpma GH3 KJieTOK (cM. [50]). 

HaM rrpe.ucTaBJJHJOTCSI oco6eHHO sa)l(HhIMH .uaHHhie 06 ysenw1eHHH KOH

ueHTpau11H D-:rnaHTHOMepos cso6o.UHhIX aMHHOKl1CJIOT Ha p aHHHX cTan11S1x 3M-

6pHOHaJihHOro pa3Bl1THH 11 ee YMeHhrneHHSI K MOMeHry po)l(JleHHSI [51]. HarrpH

Mep, B KJieTKax M03ra Ha 14-w He.uene pa3BHTHSI qenoseqecKoro 3M6p110Ha no 

60 % acero cso6o.uHoro acnaprnrn HaXO.llHTCSI s D-cpopMe. 0.uHaKo K MOMeHry 

pO)l(.lleH11S1 D-acnapTaT npaKTw-1ecK11 He 06Hap~11saeTCH. D-Asp ocymecTBJIS!eT 

IIOJI0)1(11TeJJhHYJO o6paTHYIO CBH3b B Cl1HTe3e MeJiaTOHHHa: no.uaBJJHeT Bbipa6oT

KY MeJiaToH11Ha rr11Heanou11TaM11, BbIJBaHHYJO Hopa.upeHaJJHHOM. KoHUeHrpaUHS! 

D-Asp B rHrrocpme yseJJl1lJHBaeTCH B OTBeT Ha BBe,UeHHe 3CrporeHa, KOTOpb!H, B 

CBOJO 04epe.uh, yseJJl1lJHBaeT qJ.{CJIO nponaKTHH-CHHTe311pyIOm11x KJieTOK H co

.uep)l(aHHe npoJiaKT11Ha B KpOBl1. TipoJiaKTl1H-CHHTe311pyIOUll1e KJieTKH Moryr 

Cl1HTe3HpOBaTb D-Asp. KJioH11posaHHblH IUTaMM orryxoJieBb!X KJieTOK r11rrocp113a 

KphIC (GH3) TaK)l(e MO)l(eT npOH3BO.lll1Th D-Asp. 

B S111'1Kax co.uep)l(aH11e D-acnaprnrn 6b1CTpo yseJil14HBaeTCH c 10-w no 

40-JO He.ueJIJO pa3BHTHH 3M6p110Ha. B S!HlJKax B3pOCJihIX KphIC D -acnaprnT 06-

Hap~ttsaeTCSI B U11TOIIJia3Me IIOJJOBh!X KJJeTOK, oco6eHHO ero MHoro B Y.UJIH

HeHHblX crrepMaT11.uax, a B HHTepcT11u11aJJbHbIX H KJieTKax CepTOJil1 MeHhwe. 

D-acnapTaT CHHTe311pyeTCH B caMHX ceMS!BhIHOCHIUHX KaHaJibuax [51] . 

PoJih D-Asp B ttepsttoif c11creMe 

B HepsHOH CHCTeMe 3M6pttOHOB )l(HBOTHhIX H lJeJJOBeKa D-Asp np11cyTcT

syeT B 1Haq11TeJihHbIX KOJIHqecTsax. TaK, BbICOKoe co.uep)l(am1e D-Asp OTMelJe

HO ·a HepBHOH TKaHH MHOrHX MOpCKHX )l(HBOTHhIX: B roJIOBHOM M03re OChM11HO

roB Octopus vulgaris [48] , KapaKarnu Sepia ojfìcinalis 11 KaJihMapos Loligo 
vulgaris B KOHUeHrpau1111 8- 15 MKMOJJh I r TKaHH, B M03rGBbIX rattrn11S1x Aplysia 
fasciata D-Asp B KOHUeHTpau1111 (0,6- 0,8 MKMOJJh I r TKaHH, B M03roBhIX rattrnH

SIX OMapoB Rock lobster B KOHUeHTpau1111 2,0-4,0 MKMOJ!h I r TKaH11 

MHor11e .uaHHh1e CBH.UeTeJibCTBYJOT o TOM, lJTO D-Asp crroco6cTsyeT CHH

TeJy 6eJIKOB, YlJaCTBYJOlllHX B pa3Bl1Tl111 HepBHOH CHCTeMhl, 11 BhICTyrraeT B Ka-

4ecTBe Me,UHaTOpa HJIH HeHpOMO.UYJIHTOpa B CHHarrcax [48, 52] . D-Asp BhICB0-

60)1(.uaeTCSI H3 npeCHHanTHlJeCKHX OKOHqaHHH H .ueHCTByeT Ha IIOCTCHHaIITHlJe

CKHe peuenTOpbl, KOTOpbie MoryT yseJil1lJHTh JIOKaJibHYJO KOHUeHrpaUHJO 

uAM<D. }l,anee D-Asp OKHCJIHeTCSI D-acnaprnTOKCH.UaJoì1, KOTopaH JIOKaJIHJO

saHa Ha IIOCTCl1HanTHlJeCKOH MeM6paHe, lJTO rrpHBO.lll1T K Bh!CB060)1(.lleHHJO 
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H20 2 11 NH3. KpoMe rnro, 113secTHO, 'ITO cso6o.UHhIH D-Asp MO)J(eT TpaHcnop

THposaThC51 L-rnyraMaTHhIMl1 nepeHOC'I11KaM11 113 c11HonT11tJecKoì1 men11 B npe

c11HanTwiecK11e aKCOHhI - ::no aJihTepHaTl1BHhIÌ1 cnoco6 y.uaneH115I D-Asp 113 

Cl1HanTl1'IeCKOH meJil1. 

B CeT'IaTKe MJieKon11rn10ru11x D-Asp He no51BJUieTc51 B TetJeH11e '.lM6p110HaJih

HOì1 )J(l13Hl1, HO B paHHeM nocnepo.UOBOM '.)Tane, B qacTHOCTl1 qepe3 5- 7 }lHeì1 

nocne pO)J(}leHH51, ero co.uep)J(aH11e .uocT11raeT 350 HMOJih I r TKaH11. Ilocne 3TO

ro OHO 6h!CTpo CHl1)J(aeTC51 .uo yp0BH51 30- 50 HMOJih I r TKaHl1 11 OCTaeTC51 Ha 

TaKOM yposHe Ha sech cpoK cyruecTBOBaH115I opraHl13Ma. TaK11M o6pa30M, no

BhJWeH11e co.uep)J(aH115I D-Asp npe.uwecTsyeT pa3Bl1T11JO 3peH115I y )J(l1BOTHhIX. 

KpoMe Toro, D-Asp 11rpaeT onpe.ueneHHYIO poJih B 3peH1111 B3pOCJihlX opraH113-

MOB : Kor.ua )J(l1BOTHOe OCTaeTC51 B TeMHOTe, KOHueHTpaul151 D-Asp 3Ha'Il1TeJihHO 

CH11)J(aeTC51 B ceT'IaTKe, a no.u B03}leÌ1CTBl1eM CBeTa co.uep:>1<aH11e D-Asp yseJil1 -

'Il1BaeTC51 .uo Ha'IaJihHOro ypOBH51 . Bo3MO)J(HO, 3TOT 3 cpcpeKT CB513aH e JJ,eì:fCTBl1-

eM paueMa3h1 acnaprnrn (cpepMeHT, KOTOph1ì1 npeo6pa3yeT L-Asp B D-Asp), KO

Topa51 Haì1.ueHa B CeT'IaTKe 11 B fOJIOBHOM M03re, nOCKOJihKY ee aKTl1BHOCTh B 

TeMHOTe CHl1)J(aeTC51. 

TaKi.1M o6pa30M, D-Asp 510m1errn OAH11f1 113 Klll04eBblX cpaKTopos, 0n1-15l10ll\HX Ha 

pa3Bl1rne ueHrpanbHOfi HepBHOH Cl1CTeMbl, oco6eHHO B nep110A BHyrp111yrpo6-

HOro pa3BHTl15l H BCKOpe nocne pO>KAeHH5l. 

Ba)J(Hù, 'ITO D-Asp npaKT11tJecK11 11cqe3aeT 113 HepsHoì1 TKaH11 B3pOCJihIX 

)J(l1BOTHhIX, HO CO,llep)J(aH11e ero yBeJil1'Il1BaeTC51 B 3H)l0Kp11HHh!X )J(eJie3aX. 3TOT 

cpaKT yKa3hJBaeT Ha yqacn1e D-Asp B ,lle51TeJibHOCTl1 3H)l0Kp11HHOH Cl1CTeMhl 

( CTepo11.uoreHe3, cnepMaToreHe3, ooreHe3 ), HO 06 3TOM pe'Ih noì:f.ueT Hl1)J(e. 

D-Asp B crrepMaTo3ott.z:i;ax 

I1epBh1e 11ccne.uo0aHl15I, no.urnep.u110u111e yqacT11e D-aM11HOKl1CJIOT B cpyHK

u;110H11posaH1111 3H)l0Kp11HHOH Cl1CTeMhl, 6bJJil1 CB513aHhl e 11X o6Hap~eHl1eM B 

COCTaBe noJIOBh!X KJieTOK )J(l1BOTHhlX 11 qeJIOBeKa. 

D-Asp np11cyrcTsyeT B roHa.uax caMu;os no3BOHO'IHhlX )J(l1BOTHhIX, 'ITO 

yKa3bJBaeT Ha ero np11qaCTHOCTh K Cl1HTe3y aH.uporeHOB [53]. bb!JIO noKa3aHO, 

'ITO KOHIJ;eHTPaU:1151 D-acnapTaTa B CeMeHHOH nJia3Me 11 B cnepMaT03011}lax 6bJ

Jia 3Ha'Il1TeJibHO CHl1)J(eHa y OJI11roacTeHOTepaTO-)lOHOpOB ( «OJil1f0)) - He.uoc

TaTO'IHa51 KOHIJ;eHTpau115I cnepMaT03011,llOB B 351KYJI51Te, MeHee 20 MJIHI MJI no 

HopMaM BceM11pHoì1 opraH113au;11H 3.llpasooxpaHeH115I (B03); «acTeHo» -

cnepMaT03011,llhl He,llOCTaTO'IHO nO)lBl1)J(Hhl, nporpeCCl1BHOnO,llBl1)1(Hh!X MeHee 

25 % no HOpMaM B03; «TepaTo» - MHOro aHoMaJihHhIX, 6onee 70 % no Hop

MaM B03) 11 COCTaBJI51Jia 26 ± 6 HMOJib/MJI, y HOpMaJihHh!X )lOHOpOB (.llOHOphl, y 

KOTOpb!X 351KYJI51T COOTBeTCTByeT HOpMaM B03) KOHIJ;eHTpau;1151 COCTaBJI51Jia 

np11MepHO 80 ± 12 HMOJih/MJI, a y a3oocnepM11KOB (.llOHOpOB, y KOTOpb!X OTCyT

CTBYJOT cnepMaT03011.llhl B 351KYJI51Te)- 12 ± 1,5 HMOJih/MJI . 
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B cnepMaro3011.ne KOHuett-rpauIDI D-acnaprnrn y HOpMaJihHoro .nottopa cocra

smrna 130 cpMOJihirIIT, a y om1roaerett0Teparn-nottopa - 60,5 ± 5 cpM0111>/wT. 

,Upyrnx THOOB D-aMHHOKHCJIOT o6Hap)0KeHo He 6hrno. Hccne.nosaTeJIH rrpH

WJIH K Bh!BO).ly, qTQ D-acrraparHHOBal! KHCJIOTa rrpHCYTCTByeT B ceMeHHOH 

rrna3Me H B crrepMaT030H,nax 11e11oseKa, H ee KOttueHTpaum1 Koppe1111pyeT e 

MY>KCKOH cpepTHJihHOCTh!O ( orr110.noTBopH101Ueì1 crroco6HocT1>10 ). 

B xo.ne 11cc11enosaHHH 61>rno rroKa3aHo, qTo D-Asp B l!HqKax 110Ka11113yeTcl! 

B KJieTKax Jleì1.n11ra (KJieTKaX, CHHTe3HPYIOIUHX TeCTOCTepott), BeH03HOH ITJia3-

Me KpOBH l!HqeK, BeHaX llH'IKOBOro BeH03HOro crrneTeHHll, 3ITHJJ;H,[(HMaJihHh!X 

crrepMaTo3ott.nax (crrepMaTo3ott.nax H3 np111naTKa l!HqKa (3rrH,nH,nHMHca)), y.n1111-

HeHH1>1x crrepMaTH,nax (Ha116011ee 3pe111>1x no11os1>1x KJieTKax rrpH crrepMaTore

He3e). IlocKOJihKY D-Asp co.nep)!<HTCll B BeH03HOH KpOBH l!HqeK, orryna OH, no 

sceì1 sepOl!THOCTH, nepexonHT B Jl<HJJ;KOCTh BeH03HOro cnJieTeHHll llHqKa, r.ne H 

BKJIIO'!aeTCll B cnepMaT030H,[(hl. bh!JIO ycTaHOBJieHO, qTo D-Asp CHHTe3HpyeTCll 

B KJieTKax Jleì1.n11ra. 

Porrh D-Asp B )J(eHcKoìf rrorroBoìf c11cTeMe 

B xo.ne 11cc11e.nosaHHì1 61>mo noKa3atto, qrn D-Asp conepJKHTCll s cpo111111-

Ky11HpHoì1 Jl<HJJ;KOCTH JKeHCKHX l!HqHHKOB, H Haì1,neHa npl!Mal! B3aHMOCBll3h Me

)!(JJ;y KOHuett-rpau11eì1 3TOro 3HaHTHOMepa aMHHOKHCJIOThI H KaqecTBOM llHUe

KJieTOK (54] . 
B cpoJIJIHKYJIHpttoì1 JKHJJ;KOCTH D-Asp npHCYTCTByeT B cpe.ntteì1 KOHUeH

-rpauHH 14,9 ± 4,5 HMOJih/Mn. Cy1UecrnyeT tte60111>waH pa3HHua s KOHUeHTpa

UHH D-Asp y nauHeHTOK B 3aBHCHMOCTH OT B03pacTa: y JKeHll.(HH B B03paCTe 

22- 34 neT (rpynrra A, 10 )!(eHIUHH) conepJKaHHe D-Asp cocrnemieT 19, l ± 
± 1,9 HMOJih/MJI, a y nauHeHTOK B B03paCTe 35-40 JieT (rpyrrrra 6, lo JKeHll.(HH) 

ero co.nepJKaHHe CHHJKeHo .no I 0,9 ± 1,2 HM0111>/M11 (p < 0,01 ). I>onee Toro, 

KOHUeHTpauHll D-Asp BJIHl!eT Ha OITJIOJJ;OTBOpll!OIUYIO crroco6HOCTh llHUeKJie

TOK crrepMaT030H,naMH. TaKHM o6pa30M, KOHueHTpauHH D-Asp MO)!(eT pac

cMaTpHBaThCll KaK JJ;OITOJIHHTeJihHhIH rrapaMeTp oueHKH KaqeCTBa OOUHTOB B 

rrporpaMMe TeXHOJIOrHH 3KCTpaKoprropaJihHOro OITJIOJJ;OTElopeHHll (3KO). 
YcTaHOBJieHo TaKJKe, 'ITO D -Asp yqacTsyeT B perynHUHH CHHTe3a JIIOTeH

HH3Hpy101Uero ropMOHa (Jlf). 

llnKy6au:m1 Il KpllOKOHCepBau:m1 crrepMaT030ll,ll,OB 

B rrpHCYTCTBH:H LID-3HaHTHOMepoB aMHHOKHCJIOT 

B 3K0-TeXHOJiormIX 

B pa6oTe [55] rroKa3aHo, 'ITO np11cyTCTBHe B cpe.ne D-acnaprnrn ynyqwa

eT npouecc KpHOKOHcepsau1111 e noc11eny101Ueì1 pa3Mopo3KOH cnepMhI H nocTo

septto yse1111q11eaeT KOJIHqecTBO rro,nBHJKHhIX crrepMaT030HJ.lOB tta 11 ± 3 % 
(p < 0,05) no cpasHeHHIO e KOHTpOJihHhlMH o6pa3uaMH. IlpHCYTCTBHe B cpe.ne 
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L-acnapTaTa TaK)l(e yBenwnrnaer no,[(BH)l(HOCTh cnepMaT030li,[(OB, HO B MeHh
rueM. cTeneHli , Ha 5 ± 2 %. Bo3MO)l(HO, nepcneKTHBHO BKn!O'!aTh D-acnapTaT B 
npaKTHKY penpO.[(YKTliBHhIX TeXHOJIOrHH. 

CoBpeMeHHa5! cxeMa crrepMaToreHe3a 

K HaCTO.Hl.l.{eMy MOMeHTy npliH.HTa.H cxeMa cnepMaToreHe3a MO)l(eT 6hITh 

,[(OnOJIHeHa p.H,[(OM HOBh!X ,[(aHHh!X Ha OCHOBaHHli HCCJie,[(OBaHHH, nposeneHHh!X 

Ha MJieKOnHTa!Ol.l.{liX: KphICax, Ka6aHax [ 48, 56) , a liMeHHO: KJIIO'!eBh!Mli pery
JI5ITOpHhIMli cpaKTopaMH cnepMaTo- li cTep01i.[{OreHe3a .HBJI.HIOTC.H D-acnapa
rnHosa.H KHCJIOTa (D-Asp) li OKCH.[{ a30Ta (NO). 

D -Asp ycHJIHBaeT Bh1pa60TKY TeCTOCTepoHa, .[(eiicTBY.H KaK B Ka'!eCTBe aK

THBaTopa rHnOTaJiaMO-rHno<l>H3apHO-roHa,[(HOH OCH, TaK li B Ka'!eCTBe MeCTHO
ro peryJI.HTopa CTepOH.[(oreHe3a B roHa.[(ax. D-Asp CTHMynHpyeT Bh1pa60TKY 
xopHOHli'!eCKOfO roHanorponHHa qenoBeKa (Xf'll), KOTOph!H, B CBOIO oqepe.Llh, 
BJIH.HeT Ha ysenli'!eHlie co,[(ep)l(aHirn TeCTOcTepoHa B KneTKax Jleii,[(lira. KneTKli 

Jleii.[{Hra MneKOnliTalOl.l.{liX Bh1pa6aThIBa10T O.LlHH H3 nepeHOC'!HKOB L -Glu, 

GLAST, KOTOphIH cn~HT nocpe.LlHHKOM .[{JI.H nornomeHli.H D-acnapTaTa. HH
rn6HpyeT 3TH npouecch1 L-Cys (uHcTeHH). 

MexaHli3M neiiCTBli.H D-Asp Ha CTep01i,[(OreHe3 B KJieTKax JleH.[{Hra 6b!Jl 

snepsh1e onHcaH B [57). D-Asp liH.LlYUlipyeT CHHTe3 6enKa StAr («steroidogen
ic acute regulatory protein» - cTepoli.uoreHHhiii peryn.HTopHhIH 6enoK), cno

co6cTBYIOlllero nepeMel.l.{eHH!O xonecTepHHa Ha BHyTpeHHIOIO CTOpOHY MHTO

XOH.LlpHaJihHOH MeM6paHhl B KneTKe JleH,UHra. C yqacTHeM UHTOXpOMa P450scc 
xonecTepHH pacmenn.HeTc.H, s pe3YJihTaTe qero nepsh1ii MeTa6onHT B ueno'!Ke 

CTepOH.[{OreHe3a, npertteHOJIOH, MHrpHpyeT B UliTOnJia3My, r.ue npespamaeTC.H B 
TeCTOCTepoH . 

.l(pyrHM Ba)l(HhIM peryJI.HTopoM ropMOHaJihHOii aKTliBHOCTli .HBJI.HeTc.H NO 
[58-60). 0KCH.U a30Ta HrpaeT Ba)l(HYIO pOJih B cnepMaToreHe3e, B HaCTO.Hl.l.{ee 

speM.H CTano li3BeCTHO, '!TO OH yqacTByeT li B ropMOHaJihHOH peryJI.HUlili B 3H
,[(0KpliHHh!X )l(ene3ax. B TKaH.HX NO CliHTe31ipyeTC.H H3 L-aprliHliHa npli no

MOlllli N0-cHHTa3hI (NOS), KOTopa.H aKTliBlipyeTc.H non neiicrnlieM KaJihUli.H li 

KanhMO.LlYJiliHa, a HHrn6HpyeT ee ::icpHp N-MernnaprnHliH (L-NAME) (61]. 
NO yqacrnyeT B peryn.HUHH penpo.uyKTliBHoii CliCTeMhJ. KneTKH .Hli'!eK 

conep)l(aT NO-ufM<l>, KOTOphIH BJIH.HeT Ha cnepMaToreHe3 H cTepoli.uoreHe3. 
NO o6pa3yeTC.H B KneTKax Jleii.[{Hra, r.ue 3Ha'!liTeJihHO CHli)l(aeT KOHUeHrpaUlilO 

TeCTOCTepoHa, Bh!CTyna.H aHTafOHliCTOM no OTHOilleHHIO K D-Asp. 

Pe3yJihTaThI 3KcnepliMeHTa in vitro, B KOTopoM D-Asp 1i/11n11 L-Arg 
(npe.uruecTBeHHliK NO) 6h!Jlli .uo6aBJieHhI B roMoreHaT .Hli'!Ka, noKa3aJili, '!TO 

D-Asp Bhl3hrnaeT nOBhIIlleHlie cKopocTli Bh1pa60TKI1 TeCTOCTepoHa (p < 0,0 I), a 

L-Arg, Hanporns, npliBO.Lll1T K cymecrneHHOMY (p < 0,05) ee CHli)l(eHli!O [56). 

0.[(HOBpeMeHHOe np11cyrcTBI1e .UBYX Bel.l.{eCTB He li3MeH.HJIO co.uep)l(aHli.H TeCTO
CTepoHa B TKaHli. 
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<l>yHKUHOHaIThHhie 11ccne,noBaHHll Ha KYJihType KJieTOK Jlei1:.u11ra 11 .upyrnx 

KJieTOK noKa3aJrn, •no cTa.ui-rn npeo6pa3oeaHufl xonecmepuHa cpepMeHTOM 

P450scc 11Hrn611pyeTCll NO. 

Cso6o,nHhitt D-Asp 6hm HaH:,neH B ceMeHHHKax He TOJihKO MJieKon11Ta10-

m11x [48] . B ce3oH pa3MHO)l(eHJ1j{ aMcjJ11611i1 11 npeCMhIKa10m11xcll yposetth 

D-Asp B rotta.uax caMuos 3Ha'lHTeJihHO yseJI11'l1rnaeTcll, cnoco6cTBYll ysen11-

'leH11IO Bhipa6oTKH TeCTOCTepoHa H nOBbIIUeHHIO ero KOHUeHTpau1111 B nJia3Me 

KpOBH. 0,nHaKo B orn11q11e OT .ueH:cTBHll D-Asp s opraHH3Me MJieKonHTa10m11x 

B rotta.uax TPaBl!HhIX JillryIUeK R. esculenta pean113yeTcll o6paTHoe cooTHOIUe

HHe Me)l(.uy KOHueHTpau11ei1: D-Asp H aKTHBHOCThfO TeCTOCTepotta: no,naBJillll 

CHHTe3 TecTOcTepoHa s OKTll6pe, D-Asp 6noK11pyeT npouecc onno.uornopeHHll 

3eMHOBO,UHb!X B XOJIO,UHOe BpeMll ro.ua. 

Tip110e,neHHhIH MaTep11aJI y6e,n11TeJibHO CBH,UeTeJlhCTByeT o TOM, 'lTO D-Asp 

11 NO c11ttepreTH'lHO s3aHMO,nei1:CTBYfOT B peryJillUHH penpo,nyrrHBHhIX c11cTeM .• 

D-Asp I1 OKHCJIHTeJibHhIH CTpecc 

BhIIUe MhI OTMe'larrH, 'lTO no.u .ueH:cTBHeM OKCH.Ua3hI D-acnaprnrn (D-AspO, 

pacnpocTpatteHa so scex TKaHllx) D-Asp pacna.uaeTCll Ha OKcanoaueTaT, aMMH

aK H nepeKHCb so.uopo.ua. TiepeKHCb so.uopo.ua OTHOCHTCll K aKTHBHblM cpopMaM 

KHCJiopo.ua (A<l>K), H36bITOK KOTOpb!X onaceH ,UJ!ll )l(J13HH, n03TOMY OHa 6hICT

po rn.upon113yeTcll n1160 KarnnaJoi1, n1160 rnyrnTHOHnepoKc11.ua3oi1:. ECJIH rny

TaTHOHnepoKc11,na3a CBOespeMeHHO He cnpaBJil!eTCll e JIHKBH.Uau11ei1: nepeKHCH 

so.uopo.ua, TO B03M0)1(H0 pa3BHTHe OKHCJIHTeJibHOro CTpecca. 

06ttapy)l(eHo npooKc11,naHTHoe .uei1crn11e D-Asp B llH'lKax npeny6eprnT

HhIX KphIC B 3KcnepHMeHTax in vitro [49] . 3Kcnep11MeHThI in vivo noKa3anH, 'lTO 

BBe,UeHHe D-Asp He npHBeJIO K cephe3Hh!M KJlHHH'leCKHM .u11arH03aM H CMepTH, 

O,UHaKO 3Ha'lHTeJihHO nOBblCHJiaCb KOHUeHTpauHll aKTHBHb!X cpopM KHCJIOpo.ua, 

'lTO H 03Ha'laeT COCTOllHHe OKHCJIHTeJibHOro CTPecca. 3TO 803,UettCTBHe MO)l(eT 

6b!Tb OTBeTCTBeHHO 3a cjJH3HOJ!OrHlfeCKHe 3cpcjJeKTbl B nepHO.U nonosoro C03pe

BaHHll Kpb!C. 

B uenoM MO)l(HO npe.unoJIO)l(HTh, lfTO OTMelfeHHhie BhIIUe aKTHB11py10m11e 

11 HHrn611pyIOm11e 3cpcpeKTbT D-Asp OTPa)l(afOT perynllTOPHYIO 3aKOHOMepHOCTh, 

H3BeCTHYIO B cjJH3HOJIOrHH, Kor.ua MaJibie KOHUeHTpauHH 3cpcpe!CTopoB aKTHBH

PYIOT 611ocp11311qecKy10 CHCTeMy, a 6oJihIUHe 11Hrn6Hpy10T ee. 

C11HTe3 moTeHHH311pyio~ero ropMOHa, 

ropMoHa pocTa, roHa,JJ,oJI116ep11Ha, 

OKCl1TO~I1Ha,Ba30Ilpecc11Ha 

B 3H.UOKpHHHhIX )l(ene3ax 6hrno OTMe'leHo BhICOKoe co.uep)l(att11e D-Asp H 

N-Mernn-D-acnaparnttosoH: KHCJIOThI (NMDA) [62], rro3TOMY 6brno Ba)l(HO 

BhlllCHHTh HX B3aHMO,UettCTBHe B peryJillUHH CTepo11.uo- H raMeToreHe3a. 
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lhsecTHO, 'lTO NMDA cT11My1rnpyeT Bh16poc ttecKOJihKl1x ropMOHOB 113 

a.uettor11noct>113a [ 42). I1MMYHOrl1CTOXl1Ml14eCKOe l1CCJie,UOBam1e Il0Ka3aJIO, 'lTO 

NMDA-peuenTOphI co6patthI B cneu11aJihHhIX ropMott-ceKpeT11py10m11x KJieT

Kax nepe.utteii ,UOJil1 r11noct>113a, a TaK)f(e B tteiipottax r11noTaJiaMyca 11 accou1111-

posatth1 e ,Uettcrn11eM rotta,UoTponttoro ropMotta (GnRH). NMDA - MeT11JI11-

poBaHHaH ct>opMa D-acnapTaTa. no BCeH Bl1)ll1MOCTl1, MO)f(HO IlOJiaraTh, 'lTO: 

a) D-Asp - npemuecrneHH11K NMDA, 6) 0H11 o6a yqacrnyJOT B ropMoHaJih

HOH peryJIHu1111 opratt113Ma. 

3Kcnep11MeHThl in vivo 11 in vitro noKa3aJI11, 'lTO BBe,Uett11e D-Asp nosh1waeT 

KOHUeHTPaumo NMDA 11 cT11MyJI11pyeT Bh1pa60TKY JIJOTe11tt11311py10mero ropMo

tta (Jll) 11 npoJiaKT11Ha s a,Uettornnoct>113e. 3TOT 3cl>c!>eKT cneu11ct>11'leH 11cKJI10q11-

TeJlhHO ~ D-Asp, TaK KaK BBe,Uett11e ,Upyrnx aM11HoK11CJIOT (L-Asp, D-Ala, L-Ala, 

D-Glu, L-Glu) He np11so,U11JI0 K no.uo6tthJM nocJie,UcTB~M [ 48). 
B 3Kcnep11MeHTax iv vitro D-Asp ttenocpe,UCTBeHHO cnoco6crnyeT Bhipa-

6oTKe ropMOHa poCTa (fP) [62). B 3Kcnep11MeHT~x in vivo farno noKa3atto, 'lTO 

D-Asp MO)f(eT ,UeiicrnosaTh qepe3 nocpe,UH11Ka - NMDA, KOTOphIH orneqaeT 

3a BbICB060)f()leH11e Jlf nocpe,UCTBOM aKT11Bau1111 roHa)lOTpOill1H-p11Jil1311Hr

ropMOHa (rotta,UoJI116ep11H, fttPf) . TaK11M o6pa30M, D-Asp, nocJie npeo6pa30-

satt11H B NMDA, ,UdiCTsyeT Ha rnnoTaJiaMyc 11 r11noct>113 11 yqacTsyeT B c11ttTe3e 

fttPf, 'lTO np11BO)ll1T K BhlCB060)f()leHl1!0 Jlf 11 rP. D-Asp peryJI11pyeT Cl1HTe3 11 

ceKpeu1110 0Kc11Tou11tta (nosh1waeT yposetth MPHK OKC11Tou11tta B r11noTaJia

Myce). KpoMe rnro, D-Asp nosh1waeT ypoBeHh MPHK Ba3onpecc11tta. 

TaK11M o6pa3oM, MO)f(HO npe,UnOJIO)f(l1Th, 'lTo" D-Asp 11rpaeT sa)f(HYJO poJih 

B MO.UYJIHu1111 3Kcnpecc1111 reHOB 11 ropMOHOB. Ba)f(HO no,U4epKHYTh, 'lTO npe,U

noJIO)f(ett11e o cymecrneHHOM Cl1HepreT11qeCKOM 3cl>cl>eKTe BO B3al1MO)leHCTBl111 

D-Asp, NO 11 NMDA BhICKa3aHo 3,Uech HaM11 BnepBhie. 

Bmrn:mre D-Asp Ha 35IKYJUIT MJieKorn:1Ta10w:i1x 

D-Asp BKJIJO'leH B npouecc Cl1HTe3a TecTOCTepoHa, 11 B pH,Ue pa6oT noKa-

3atto, 'lTO OH HanpHMYIO BJil1HeT Ha Ka'leCTBO 3HKYJIHTa [63) : OH yBeJil1411BaeT 

06my10 UO)lBl1)f(HOCTh cnepMaT03011)lOB, )lOJIIO 6bICTpbIX cnepMaT03011)lOB, KO

Jll1'leCTBO cnepMaT03011,UOB e npHMOJI11HeHHhIM ,UBl1)f(ett11eM. BMecTe e TeM, xo

TH 11 cymecTBYIOT HeKOTOpble npe,UnOJIO)f(eHl1H, )lO Cl1X nop He HCHO, KaKMM 

11MeHHO o6pa30M D-Asp yseJI11q11saeT no,UBl1)f(HOCTh cnepMaTo3011.uos 

KaK 6brno OTMe'leHo paHee, D-Asp HBJIHeTCH npe,UwecrneHHl1KOM NMDA, 

KOTOphIH aKT11B11pyeT NMDA-peuemop (rnyrnMaTHhIH peuemop ), npe,Ucrns

JIH!Olll11H co6oii KaJibUl1eBblH KaHaJI. B TO )!(e BpeMH KaJlhUl1H BJll1HeT Ha no.u

Bl1)f(HOCTh cnepMaT03011,UOB, ysen11q11saH 11HTeHCl1BHOCTh 611eH11H )f(ryTl1KOB 

np11 B3a11Mo.ueiicrn1111 e att110HOM HC03 . 

C .llPYTOH CTOpOHhl, 0-Asp MO)f(eT HenpHMhlM o6pa30M BJll1HTh Ha TIO,U

Bl1)f(HOCTh cnepMaT030H,UOB, CTl1Myn11pyH KJieTKH Jleii.u11ra· K np0113BO,UCTBY 

cneu11ct>11qecKoro nonosoro ropMotta, BKJIJOqaJOmerocH B r11noTaJiaMyc-r11no-
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qnnapHyJO ettCTeMy aKTHBHOCTH roHa)J.OTponwHa. Tio)J.06HhIH )f(e BhIBO)J. 6brn 
C)J.eJJaH H B [ 64]. 

B 3TOH pa6oTe asTOphI H3Y'JHJJH snmrnwe D-Asp Ha CHHTe3 Jlf H TecTO

CTepoHa in vivo Ha qenoseKe, a TaK)f(e MOJJeKynHpHhlH MeXaHH3M BKJJI-OlfeHHH 

D-Asp s ropMOHaJJhHyJO perym1uHI-O Ha Kphlcax. Y 87 % M~HH (3Kcrrepw

MeHTaJJhHaH rpynrra - 23 qenoseKa, KOHTpOJJhHaH rpyrrrra - 20 qenoseK) rro

cne 3KCrrepHMeHTa KOHUeHTPaUHll Jlf IJOBhICHJJaCh Ha 33 %, a TeCTOCTepoHa -

Ha 42 o/o (p < 0,01). 
3Kcrrep11MeHThl Ha KphICax IIO)J.TBep)J.HJJH rrpe)J.JJO)f(eHHhlH paHee )J.pyrHMH 

HCCJie)J.OBaTeJJHMH MOJJeKynHpHblH MexaHH3M CHHTe3a H pacnpe)J.eJieHHH rop

MOHOB (s rnno<l>H3e - perymnurn nocpe)J.CTBOM ufM<D, a s HH'IKax -

uAM<D). TipwlleM )J.aHHhIH Bl1)]. perynHuw11 crreuw<t>wlfeH TOJJhKO )J.JJH D-3HaHTH

OMepa acnaparnHOBOH Kl1CJ10Tbl. KpoMe Toro, B TKaHHX HH'IKa H rwrro<l>H3a o6-

Hap~HJ111 6oJihIIrne KOHUeHTpauww paueMa3bI D-acrraprnTa, KOTopall npespa

ruaeT L-Asp s D-Asp (w Hao6opoT). 

<l>H3HOJIOrn:qecKHe H MOJieKyn5IpHhie 

MexaHH3MhICTapeHHH 

J!bseCTHO, 'ITO B npouecce CTapeHHH rrpOHCXO)J.HT yseJIH'leHHe npoueHT

HOro co)J.ep)f(aHwe D-3HaHTHOMepos aMHHOKHCJIOT s 6eJIKax p3.3JIH'IHhlX TKaHeii 

opraHH3MOB lfeJIOBeKa 11 )f(HBOTHbJX . .;3TOT rrpouecc HMeeT TepMO)J.HHaMH'le

CKYIO rrpwpo)J.y: no ouettKe, npwse)J.eHHoii s pa6oTe [65], 3HTpOnHH roMOXH

panhHOH uerrw MeH bllle 3HTponm1 reTepoxwpanhHOii ue1rn Ha seJil1'1HHY 

f..S = kNln(xL lnxL +xD lnxD), (4.19) 

r)J.e k - nocTOllHHall oOJThUMaHa, N - 'IHCJJO MOHOMepos s uerrw, xi - )].OJJH 

MOJieKyn i-ro 3HaHT110Mepa s uenw. TaKHM o6pa3oM, opraHH3M, KaK HepasHo

secHall CHCTeMa, cocTOHLUall HCKJII-O'IHTeJihHO H3 L-3HaHTHOMepos, CTPeM11Tcll 

K. paBHOBeCHl-0, 11, cornaCHO npHHUHny MaKCHMyMa 3HTpOI1HH, K 6anaHcy 

L-ID-3HaHTHOMepos. 
B HaCTOHIUee speMll He Bbl3h1BaeT COMHeHHH, 'ITO paljeMU3QljUJl aMUHO

KUCllOm - 3TO He1136e)f(Hb!H npouecc, conpOBO)f()J,aI-OLUHH CTapeHHe opraHH3-
Ma, CilOHTaHHO npOHCXO)J.lllUl1H BO MH0fl1X TKaHllX pa3JIH'IHhlX opraHl13MOB, H, 
B lfaCTHOCTH, B opraHH3Me lfeJTOBeKa. 

Cyruecrnyer TO'IKa 3peHl1ll, cornacHo KOTOpoii paueMH3aUHH xwpanhHbIX co

e)J.HHeHHH B KJieTKax B npouecce crnpeHHH HOCl1T He cnyqaiiHhlH xapaKTep, a 

<l>opMHpyer nOJTO)f(HTeJibHyJO o6parnyI-O CBll3b B CHCTeMe peryJJHUHH npoueccoB 

Mera60JIH3Ma, npHBOMLUYI-0 K p3.3Bl1Tl11-0 naTOJIOrH'leCKHX COCTOHHHH H ycKope

HHIO crnpeHHH (rroJJO)f(HTeJihHall o6parnaH CBH3b): )J.erpa)J.auHH 6eJIKa --> yse11wqe

HHe KOH<i>opMaUHOHHOH CB060)].bl --> yseJI11'1eHHe CKOpOCTH paueMH3aUHH --> KOH

<t>opMaUHOHHble H rrpOCTPaHCTBeHHbie H3MeHeHHH--> ycKopeHHe )J.erpa)J.aUHH [66]. 
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B COCTase 6eJIKOB Ha1160Jiee HeCTa611JieH no OTHOWeHl1JO K paueM113aJ . .\1111 
ocTaTOK acnapar 11Ha. flp11 ero cnoHTaHHOM .ueaM11H11psaH1111 Moryr o6pa30BhI
saThC» qeThipe npo.uyKTa: L- 11 D-1130Mepb1 acnapTaTa 11 113oacnaprnTa. Ho oc
TaTOK acnapar11HOBOH Kl1CJIOThl TaK)f(e HeCTa611JieH 11 1130Mep113yeTC» e o6pa30-
saHl1eM D-113oMepos acnaprnrn 11 113oacnaprnrn, a TaK)f(e L-113oacnaprnrn [67]. 
flp11 oK11cJI11TeJihHOM CTPecce HeycToil:q11socTh acnapar11Ha eme 6oJiee so3pac

rneT [65]. flocKOJihKY cnoHTaHHa» .uerpa.uau11» acnapar11Ha 11.ueT e 3aMeTHOH 
CKOpOCThJO, B xo.ue 3BOJIJOU1111 nO»Bl1JIC» cneu11aJihHhlH MexaH113M penapau1111 
ero nOCJie.UCTBl1H: B KJieTKax 11MeeTC» cneu11aJihHhlH cpepMeHT - aMl1HOTPaHC
cpepa3a 6eJIKOsoro 113oacnaprnrn (PIMT), - KOTOphIH cneu11cp111rno MeT11JI11py
eT cso6o.uHyJO a-Kap6oKCl1JihHYJO rpynny D-acnaprnrn 111111 113oacnaprnrn. 3rn 
0611erqaeT 06pa3osaH11e cyKU11Hl1M11.Ua, 113 KOToporo 3aTeM 06pa3yeTc» acnap
TaT, HO noJIHOH penapau1111 .uo acnapar11Ha He npo11cxo.u11T. 

CKopocTh paueM11Jau1111 acnapTaTa in vivo 3as11c11T OT cp11311Ko-x11M11qec
K11x xapaKTep11CTl1K OKp~aJOIUeH cpe.Uhl . TaK Kal( KOHUeHTpau1111 COJieH, pH, 
TeMnepaTYPa cpJIYKTYl1PyJOT seChMa He3Haq11TeJibHO, CKOpOCTh paueMl13au1111 
acnapTaTa 3aBl1Cl1T OT coce.UH11X aMl1HOKl1CJIOTHhlX OCTaTKOB, OT pacnoJIO)f(eHl1» 
acnaprnrn BO BTOp11qHOH CTPyKType, OT npOCTPaHCTBeHHOro OKp~eHl1», ono
cpe.uosaHHOro TPernqHoì1 CTPYKTypOH. Bo MHornx cJiyqa»x 06paJOBaH11e cyK
u11H11M11.ua IIp011CXO.U11T B TepM11HaJihHhIX KOHuax 6eJIKOB, B OTKph!ThIX per110-
Hax Ha nosepxHOCTl1 6eJIKOB, a TaK)f(e Ha 113rn6ax 6eJIKOBhlX ueneì1 [68]. 

CKopoCTh paueM11Jau1111 acnapaTa s 6enKax 11 ero npoueHTHoe co.uep)f(aH11e 
Moryr CJI~l1Th .UJI» onpe.ueneH11» speMeH11 )f(l13Hl1 6eJIKOB in vivo. B 6eJIKax e 
60JihIIIl1M speMeHeM lKl13Hl1 co.uep)f(aH11e D-acnapTaTa nocTo»HHO, qTo »BJI»eT
c» CJie.UCTBl1eM paBHOBec11» MelK.UY CKOpOCThlO paueM11Jau1111 11 dKopoCThJO o6-

HOBJieHl1» 6eJIKa. B CTPYKTYPHhIX 6eJIKax, 06HOBJieH11» KOTOpb!x He npo11cxo.u11T 
cosceM, co.ueplKaH11e D-acnaPTaTa JI11HeHHO yseJI11q11saeTc» e B03pacTOM. 

Mo.ueJihHhie pacqeThI 113611paTeJihHOCT11 p».ua 110HHhIX KaHaJioB (s qacT
HOCT11, KaJI11esoro, KcsA) np11 noJIHOH L/D-1130Mep113au1111 11Jil1 qacT11qHOH 

3aMeHe L-Asp Ha D-Asp s cp11JihTpe KcsA [69] noKa3aJI11, qrn np11 noJIHOH 
L-/D-JaMeHe npo11cxo.u»T He3Haq11TeJihHh1e 11JMeHeH11» 110H-cneu11cp11qHhIX xa

paKTep11cT11K KaHaJia, o.uHaKo np11 3aMeHe L-Asp Ha D-1130Mep s cp11JihTpe cy
mecTseHHO 113MeH»eTC» 110HHa» 113611paTeJihHOCTh KaHaJia no 110HaM IUeJioq
HhlX MeTaJIJIOB, BnJIOTh .uo nOJIHOro 11cqe3HoBeH11» npOBO.U11MOCTl1 KaHaJia. flo

.uo6HbJe 3Kcnep11MeHThl cymeCTBeHHO 3aTpy.uHeHhl in vivo, O.UHaKO q11c11eHHhIH 
3KCIIep11MeHT n03BOJI»eT npe.unoJIOlKl1Th, qTo B03MOlKHhie np11 CTapeHl111 11 na
TOJIOrH»X npoueCChl X11paJibHOH paueM11Jau1111 np11BO.U»T K .upaMaT11qeCKOMY 
113MeHeHl1JO 110HHOH cne[.\11cp11qHOCTl1 KJieTOqHhIX MeM6paH. 

I10H-cneu11cp11qHh1e 11 3HaHT110Mep-cneu11cp11qHb1e npoueccb1, no-s11.u11-
MOMy, cymeCTBeHHhl .UJI» scex CTa.u11ì1 OHTOreHe3a, BKJIJOqa» onJIO.UOTBopeH11e 
»HUeKJieTK11 cnepMaT03011.UOM. <l>113110JIOr11qecKl1M 3cpcpeKTOM CB»3h!BaHH» pe-

1..lenrnpoB zona pellucida (np03paqHoì1 o6oJioqKJ1) »ì1ua e MeM6paHoì1 roJIOBKl1 
cnepMaT030H,Ua »BJIHeTC» yseJI111reH11e KOHUeHTPal.\1111 110HOB Ca2

+ s cnepMaT030H.l.\e 
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(70]. MoneKymipHhIH MexaHH3M 3TOro rrpouecca cmnaH e OTKphITHeM rroreHuttan-

3aBHCHMhIX KanhutteBhlX HOHHhlX KaHanOB T-nma B MeM6paHe fOJIOBKH cnepMaT0-

3011.lla B pe3ynhrare ee .uenoIDipH3aUHH rrptt CBH3hIBaHHH peuerrTopos zona 

pellucida e peuemopaMH MeM6paHhl crrepMaTo3ott.ua (.ueilcrntte nporecTepotta). 

IIporecrepOH B Hatt60JJhllleH CTerreHH BJ!HjjeT.Ha ysenwieHHe KOHuettrpauHH HOHOB 

Ca
2
+ BHyrpH crrepMaT03011.lla, TaK KaK aKTHBHpyeT HarpHeBhie HOHHhie KaHanhJ H, 

TaKHM o6pa30M, Bhl3h!BaeT .uenoIDipH3aumo MeM6paHhI crrepMaT030H.UOB. 

Bo H36e)!(aHHe nonHcrrepMHH npH onno.uornopeHHH, MeM6paHa »il.ua cpa-

1y yrpaqHsaeT cnoco6ttocTh cnHBaThCH e MeM6paHaMH cnepMaT030H.UOB rrocne 

rrpoHHKHOBeHHH rrepsoro cnepMH» ( 3a cqer H3MeHeHH» ::weKTpttqecKoro no

TeHuHana nna1MaTttqecKoil MeM6paHhI »ilua e - 70 MB .uo +20 MB scne.ucrsHe 

rrocryrrneHHe B HHUO HOHOB HaTpHH l13-3a aKTHBaUHH HaTpHeBhIX KaHaJJOB, a 

TaK)!(e 3a cqer aKTHBautttt Na-Hacoca (Na,K-AT<l>a3hI), H 3a cqer KOpTHKaJJh

HOH peaKuHH. 

B pe1ynhTare :noi! peaKu1111 ysen11qHsaerc» KOHuettrpau11H cso60.lWhIX 

HOHOB KanhUHH B KJJeTKe, MeM6paHhl KOpTHKaJlhHhlX rpattyn CJIHBaIOTCH e TIJla3-

MaTHqecKOH MeM6paHOH Httl]a, Bhl3hIBaH TeM caMhlM 3K301]11T03 HX co.uep)!(HMO

ro. BonHa 3K30IJl1T03a co.uep)!(11MOro KOpT11KaJ1hHhIX rpattyn pacnpocrpaHHeTCH 

rro KOpTeKcy OT MeCTa npOHl1KHOBeHHH cnepMaT030H,Lla K rrpOTl1BOTIOJIO)!(H0MY 

KOHUY »ttua. 3a pacrrpoCTpaHeH11e KopTHKaJJhHOH peaKUHH Herrocpe.ucrneHHO 

OTseqaJOT HOHhl KaJJhl]l1H. Bo3HHKHys, rrpouecc BhlCB060)!(,LleHHH KanhUHH pac

npocrpaHHeTCH caMonpo113BOJJhHO. Cso6o,nHhIH KaJJhlJHH cnoco6ett Bhl3BaTh 

Bh!XO,Ll CBH3aHHOro KaJlhl]l1H 113 MeCT, r.ue OH aKKYMYJJ11pOBanCH, C03,LlaBaH npH 

3TOM BOJIHY BhlCB060)!(,LleHHH HOHOB KaJlhUHH l1 3K30YHT03 KOpTHKaJJhHhlX rpa

Hyn. 3TO H eCTh 1]11TOITJTa3MaTHqecKaH Kanhu11esaH aBTOBOJJHa. 

CYllJecrnyer eme o,ntto Kn10qesoe 6ttonorttqecKoe HBJJeHtte, CBH3aHHoe e 

no»sneHHeM qepe.uh1 c11MMeTp11tt Ha paHHHX cra,nHHX 3M6pttoreHe3a (71]. Pe% 

H,LleT o CUMMempu3al{UU - B03HHKHOBeHHH 6ttnarepanhHOH (.UBYCTOpOHHeH) 

CHMMeTpHH y 3apO,LlhillleH, pa3BHBaIOmHXCH H3 pa,nHaJlhHO-C11MMeTpl1qHhlX 

HHU. 51sneHHe Cl1MMeTp113aUHH 113yqeHO npeHMymecTBeHHO y IT03BOHOqHhlX 

)!(HBOTHhIX. IInocKOCTh c11MMerp1111, pa1.uen»10ma» 1apO.Uhilll Ha npaByIO H ne

BYIO cropOHhI, 11 o,nHospeMeHHO .uopcoseHrpanhHa» non»pHOCTh onpe.uen»IOT

C» .uo Haqana .upo6neHl1H ( ocerpOBbie pbI6hI, 3eMHOBO,LlHbie) HJIH B KOHue ne

pHO,Lla .upo6neHHH (aKyJJOBble pb16b1, ITTHl]hl, MJJeKOITHTalOIUHe). 

11 eme 0,LlHO coo6pa)!(eHHe, CBH3aHHOe e aMHHOKHCJIOTHhlMH aCHMMeTpHH

MH. 113BeCTHO, 4TO y JIIO,Llett 11MeeTCH HeCKOJlhKO aMHHOKHCJIOT, KOTOpbie OTHO

CHTCH K Knaccy «He3aMeHHMbIX». 0HH He CHHTe3ttpyIOTCH B opraHH3Me H MO

ryr nocryrraTh B ttero HCKJJJOqHTeJJhHO e rr11meìl. )J;n» B3pocnoro 3,noposoro 

qenoseKa He3aMeHHMblMH HBJIHIOTCH 8 aMl1HOKHCJIOT: BanHH, l130JJeiluHH, neHUHH, 

JIH3HH, MeTHOHHH, TpeOHHH, TpHnro<PaH H <Pett11nanaHHH; .UJIH .ueTeH He3aMe

HHMhIMH HBJIHIOTCH TaK)!(e aprHHHH H rHCTH,LlHH. Ilo HMeIOIUHMCH .uaHHhIM, 3TH 

aMHHOKHCJIOThl B <PYHKUHOHaJJbHO 3HaqHMhlX KOJll14eCTBax He scrpeqaJOTCH B 

opraHH3Max MJJeKOTIHTaIOIUHX. J.'.b 3TOro MO)!(HO 3aKJJJOqHTb, 4TO Ò.!IR o6ecne-
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qemrn tta.ne)!(HOCT11 B pa6ore CHCTeMhI D-aMHHOKHCJIOTHOH perym1111111 B opra

Hl13Max B 3TOH CHCTeMe HCIIOJih3YIOTC» TOJihKO Te aMl1HOK11CJIOThI, KOTOpbie 

11MeIOT 3H,noreHHOe rrpOHCXO)!(.ll;eHHe 11 He »BJI»IOTC» He3aMeHl1MhlMH. 

Ilo.D;hITO)!(HBa» MaTept1aJihl o63opa, MO)!(HO OTMeTl1Th, qro CTapTOBhie rrpo

l(eCChl B03Hl1KHOBeHH» rrpe.nrneCTBeHHl1KOB )!(HBhIX KJieTOK, CB»3aHHhie e B03-

HHKHOBeHl1eM MOJieKyn»pHOH - x11paJihHOH H KJieroqHoH - HOHHOH aCHM

MeTpHH, np»Mh!M o6pa30M rpaHCJil1PYIOTC» Ha CTapTOBhie rrpo11ecCbl OIIJI0.11;0-

TBOpeHH» »Hl(eKJieTKH 11 HaqaJIO ee ,neJieHl1» y MHOrOKJieTOqHhIX opraHH3MOB. 

B 3TOM, KaK HaM rrpe.ncTaBJrneTC», COCTOl1T HOBOe, pacrnt1peHHOe IIOHl1MaHHe 

qmnoretter11qecKoro 3aKoHa 3pttcra feKKeJrn. 

06e acHMMeTpHH, 11MeIOl1(11e cp11311KO-Xl1Ml1qecKyIO OCHOBy, crroco6Hhl 

rrepettTH B IIOJie HHcpopMal(HOHHhIX npo11eccos. 0THOCl1TeJibHO HOHHOH aCHM

MeTpH11 MO)!(HO CKa3aTh, qro OHa CJIY)!(l1T Henocpe.ncrseHHhIM peryn11pyIOII(HM 

cpaKTOpOM .D;JI» MHOrHX MeTa60JI11qeCKHX H rpattcrropTHhlX rrpo11eccOB, a TaK)!(e 

OCHOBOH Ba)!(Hettwero 11HcpOpMa1(110HHOro rrpo11ecca y MHOroKJieroqHhIX opra

HH3MOB - Hepsm1ro 11MITYJibCa . .[(JI» nepe,naq11 11HcpOpMal(HH aKCOH peaJIH3yeT 

.nsot1qHyIO CHCTeMy: «.na»l«Hen>. Harro.no6t1e x11M11qecKHX xt1paJihHhix rrepe

KJIIOqarenen 3HaHTHOMepbI 6t10JIOr11qecKH 3HaqHMhIX XHpaJihHhIX coe,n11HeHl1H 

MOryT He TOJihKO 6bITh KJIIOqeBhIMH B KOMIIJieMeHTapHbIX B3al1MO.D;eHCTBH»X, 

HO H CJIY)!(HTh JIOrHqeCKHM 3JieMeHTOM - rrepeKJIIOqaTeJieM HHcpopMal(Hl1, 

rrp11qeM KaK Ha yposHe rrpocroro Ko.n11posaHt1» «.na»l«HeT», TaK H Ha yposHe 

rrepeKO.D;HpOBaHl1» «OCMhICJieHHOrO» CHrHaJia. 
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I'JZaea 5 

3BOJIIOIJJUI reo6MoccpephI 3eMJIM 

HaAO AYM3Tb o Hacros:iw.eM paA1-1 6yAYw.ero, 
a He o H3CTOAUJ,eM P3A"1 npowAoro. 

np11Hu11n •Tperbefi Cl1Abl• P11MCKOH 11Mnep1111, 1- 11 88. 

5 .1. reoccpepa KaK 6HOTCXHOJIOrl1lJCCKHH 

peaKTop 3BOJIIOU:HH 

... JIU13Hb npeAOnpeAeAeHa cyw.ecTBOBaH1-1eM 
aroMa, 1-1 ra1-1Hcrno scero cyw.ero 33KAI04aercs:i 
s caMoi-i H"13Wei-i cryneH1-1 . 

A. 3fiHwrefiH 

ITpo6rreMa npottcXO)!(.lleHirn H 3BOJJIOUHH )l(H3HH tta 3eMrre 51BJJ51eTc51, no

cymecrsy, o.uttoii 113 .usyx Ba)!(tteilwttx npo6rreM 3Korronrn. A HMeHHO - KaKHM 

-o6pa30M 6orree 3,5 MJJP.ll rreT Ha3a,ll B He)KHBOH npttpo.ue B03HHKJJH ycrrOBH51 .llJJ51 

a6ttorettHoro B03HHKHosemrn )KHBOH seTBH npttpO.llbL B ropM npo6rreMa - co

xpaHeHtte )1(1BHH, no.ll.llep)!(aHHe ycrnii"4HBOH 3BOJJIOUHH Hooccpepb1 B ycrroBH51x 

)!(eCTKoro aHrponoreHHoro npeccHHra arpeccHBHO pa3BHBa1011..1eroc51 qenose"4e

cTBa. B nepsoM cnY"4ae pe'-!h tt.uer o cpopMttposaHHH npttpO.llHOH cpe.uoii )KHBbIX 

cttcTeM paHHHX H HbIHe npe.ucrasrreHHbIX B Ettoccpepe cpopM. Bo srnpoM -

o nyrnx Pa3YMHO . KOHYpOJJttpyeMOH ycTOH'-!HBOH KO'.)BOJJIOUHH reo6ttoccpepbl 11 

qe.fioseqecTBa. C T;'-!KH 3peH1151 cp113HKH )!(HBYIQ H He)!(J1BYIO npHpO.llY 06be,llHH51eT, 

nOMHMO ra6rrHUbI MeH.ueneesa, sa)!(HOe cpyH.UaMeHTaJJbHOe csoilcrso - repMo

.llHHaMH'-!ecKoe HepasHosecHe, rre)Kamee B ocHose conp51)!(eHHbIX npoueccos ca

MoopraHtt3aUHH, K KOTOpbIM Hanp51MYIO OTHOCHTC51 3apO)K,lleHHe )1(113HH. 

CornacHo pacnpocrpaHeHHbIM npe.ucrasrreHH51M, npouecc o6pa3oBaHH51 

3eMrrH nporeKan nyreM aKKYMYJJ51UHH xorrO.llHbIX rsep.llb!X ren. ITepsoHa'-!arrb

HO 3eMJJ51 6bIJJa .llOCTaTO'-!HO 0,llHOpO.llHOH, H ee nocne.uy1011..1ee H3MeHeHHe rrpo

HCXO.llHJJO B xo.ue .u11cpcpepeHUHau1111 HCXO.llHOro roMoremIOro BemeCTBa Ha KO

py, MaHTHIO H 51,llpO . 3TOT nepHO.ll, B Te'-!eHHe KOTOporo npOHCXO.llHJJO cpopMH

poBaHHe 3eMJJH KaK e,llHHOro TBep.uoro Tena, 3asepWHJJC51 rrpHMepHO 4,6 MJJP.ll 

rreT 1-1a3a.ll. B rrocne.uy1011..111ì1 nep110.u Ha 3eMrr.e wrrH aKTHBHbie reonor11qecKHe 

npoueccb1, ccpopMttposasw11e rr HTO-, rn.upo- H aTMoccpepy. 
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<l>opM11posam-1e M11p0Boro oKeaHa 11 o6pa30Batt11e aTMoccpeph1 npo11cxo

.u11no IIOCTeneHHO, B TeCHOH CBll311 e cpopM11poBaH11eM 3eMHOH KOph!. Ha nep

B06hlTHOH 3eMJie OCHOBHal! Macca BO.Uhi HaXO)J,11JiaCh B CBl!3aHHOM r11.upaT11po

BaHHhlMl1 nopo.uaM11 cocTOl!H1111, 11 M11p0Boì1 OKeaH co.uep»<aJI Mettee I O % BO

.Uhi OTHoc11TeJihHO coBpeMeHHOro o6beMa. OcTaJihHhre 90 % o6pa30Ban11ch 

II03)J,Hee 3a C4eT Bhl)J,eJieHl1ll napoB BO.Uhi H3 BHyrpeHHl1X CJJOeB 3eMJil1, np11 

3TOM C411TaeTCll, 4TO pH M11pOBOro OKeatta 11 ero 110HHhIH COCTaB Ha npOTl!ll<e

Hl111 Bceì1 11CTOp1111 3eMJJH 6hIJI11 OTHOCl1TeJihHO CTa6HJJhHhlMl1 (qero, IIO-Bl1)J,11-

MOMY, HeJih3ll CKa3aTh o Hel13MeHHOCTl1 HOHHOH C11Jlhl) . 

ATMOC<j:lepa nepB06hITHOH 3eMJil1 IIp11HUl1IIHaJlhHO OTJJl14aJiaCh OT COBpe

MeHHOH. Ilo cyruecrnyIOll.ll1M npe.ucrnsneHHllM aTMOCcpepa, B KOTOpoì1 pa3Bl1-

nach ll<l13Hh, HMena soccTaHoB11TeJihHh1ì1 xapaKTep. Otta 6hrna n11rnetta cso-

60.uttoro K11cnopo.ua, co.uepll<ana rnaBHhlM o6pa3oM Bo.uopo.u 11 ero coe.u11ttett11» 

(MeTaH, aMMl1aK, naphl BO)J,hl), B MeHhilleM KOJIH4eCTBe - ceposo.uopo.u, a30T, 

.UBYOKl1Ch yrnepo.ua 11 6naropO.UHhie raJhI. 0TCyTCTB11e CBo6o.uttoro K11cnopo.ua 

11MeJio IIp11HUHIIHaJihHOe 3Ha4eH11e, IIOCKOJlhKY npoCThie opraHl14eCKl1e serue

CTBa, 06pa3yioru11ecl! B 3TOT nep110.u, He MOrJil1 6hl coxpaHl!ThCll B IIp11CyTCTBl1H 

Kl1CJiopo.ua Ha nponrll<eHl111 speMeH11, )J,OCTaT04HOro )J,Jlll B03Hl1KHOBeHHll 6onee 

cJIOll<HhIX coe.u11ttett11ì1. 06pa30Batt11e coBpeMeHttoì1 aTMoccpephI, co.uepll<aweì1 

Kl1C11opo.u, IIp01130WJJO 3Ha411TeJihHO II03)lHee H CBl!3aHO e ll<H3He)lel!TeJihHO

CThlO cpOTOCl1HTe3HpyIOll.lHX opraHl13MOB. 

0cH06Hble 1Jepmb1 3eoJ11014uu 2eo6uocpepb1 MOryT 6hITh oxapaKTep113oBa

Hhl cne.uy10ru11M o6pa30M: 

I. B pa3s11BaeMhIX aBTopaM11 Kottuenu11»x reo611occpepa 3eMJI11 MOll<eT 6hITh 

IIpt!)J,CTaBJieHa KaK 3BOJIIOU110Hl1PYIOll.lall HepapX11}! aKTl1BHhIX cpe)l, cno

co6HhlX conpllll<eHHO CMeHl!Th qepe.uy perym1pHhIX 11 xaOTH4eCKl1X, Cl1M

MeTp114HhIX 11 aCHMMeTp114HhIX cpH3HKO-XHMH4eCKHX, 611onor11qeCKl1X H 

3Ko11or11qecK11x CTPYKTyp. CnoHTaHHOe B03Hl1KHOBeHtte npocTpaHCTBeH

HhIX aCl1MMeTpHH B pacnpe)leJieHHl1 Bal1<Heì1w11x XHMH4eCKHX 3JleMeHTOB, 

COCTaBHBWHX BIIOCJie)lCTBHH 611occpepy, nocnyll<l1JIO O)J,HHM 113 Ball<Heì1-

Wl1X cpaKTOpOB cpopMHpOBaHl1ll npe)lweCTBeHHl1KOB ll<HBhJX Cl1CTeM B 

a611oreHHoi1 cpe.ue. CoCTaBHOH qacThlO 3TOro npouecca cTa110 B03HHKHO

BeH11e HOHHOH KJieT04HOH H x11paJihHOH MOJieKyJI}!pHOH 3C11MMeTp11H Ha 

HepaBHOBeCHhIX rpatt11uax cpa3 B M11poBOM oKeaHe . 

2. X11M114eCKHH cocrnB reoccpephI o6ycnoBneH npoueccaM11 )lera3au1111 3eM

HhIX He.up, 3)lCOp6u11eì1 JieTy411X KOMIIOHeHTOB nopO)l3MH 3eMHOH KOphl 11 

11x pacTBOpeHHeM B BO)lax M11p0Boro OKeaHa. OcHOBHhIM cpaKTopoM, on

pe.uem10w11M pacnpoCTpaHeHHOCTh 60Jihilll1HCTB3 3JieMeHTOB B reoccpepe 

11 6110Te, »BJl»ercll cocTaB 3eMHoì1 KOphI. Ha61110)la10TCll cyweCTBeHHhie 

KOppeJil!l.(1111 CO)lepll<aHHll 60Jihilll1HCTBa XHMH4eCKl1X 3JieMeHTOB (3a 11C

KJII04eHl1eM H36hIT04HhIX neTrmx) BO Bcex KOMnoHeHTax reo611occpeph1. 

3. YHl1K3JihHOe CBOHCTBO reoccpephl - OTHOCl1TeJlhHOe IIOCTOllHCTBO ycpe.u

HeHHOro XHMl14ecKoro cocTaBa M11p0Boro OKeatta Ha nponrll<emm Ml1JI-
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JIHapJWB JieT 3BOJllOU1111 3eMJil1, 1-ITO B 3Ha•rnTeJlbHOH CTeneHl1 onpe.ueJIHJlO 

nyrn B03Hl1KHOBeHHll 11 3BOJllOU1111 )J(113Hl1. ATMOCcjlepa, OTHOCl1TeJlbHO 

«6e.uHa51>> no Xl1Ml1'1eCKOMY COCTaBy no cpaBHeHHIO e Jll1Toccjlepoì1, Ha 

nporn)l(eH.1111 reonor114ecKoì1 11cTop1111 3eMJil1 npeTepnena Kap.u11HaJihHb1e 

113MeHeHl1ll - OT CMeCH yrneKl1CJIOro ra3a, aMMHaKa 11 MeTaHa .uo a30THO

Kl1CJIOPO.UHOH CMeCH. B nocne.uttee CTOJleT11e 3a C'leT MHO)l(eCTBeHHblX 

BKJll0'1eHl1H aHTponoreHHOro npOHCXO)i(.[\eHHH OTMel.!aeTCll nOCTeneHHOe 

113MeHeH11e COCTasa np113eMHOH aTMOCcjlepb!. TioTOKl1 BerueCTBa np11po.u

HOro 11 aHTponoreHHOro np011CX0)1(.[\eHl1H nocTynalOT B aTMOCcjlepy e no

BepXHOCTl1 KOHT11HeHTOB 11 M11pOBOro OKeaHa 11 11rpa!OT cyrueCTBeHHY!O 

ponb B rno6anhHOH u11pKynllu1111 reo611occjlepb1. 

4. E110Macca Bcex cjlopM )1(113Hl1 Ha 3eMne cocTaBJIHeT, no pa3HhIM no.uc'leTaM, 

2,5-6,5 Mnp.u TOHH. E110Macca cyurn B 800-1000 pa3 npeBhiwaeT 6110Maccy 

M11pOBOro OKeaHa. Tip11 3TOM []JlOTHOCTb )1(11BOro BerueCTBa B MOpCKOH BO

.ue B03pacTaeT K ero nosepxHOCT11, Torna KaK Ha cyrne, Ha'111Hall e nol.!BeH

Horo cnoH, YMeHbrnaeTCll no BhICOTe. <l>aytta MOpH no '111cny TaKCOHOB 60-

nee pa3Hoo6pa3Ha no cpasHeH1110 e cjlayHoì1 cyrn11, a .UJIH cjlnopbl tta6nIO.ua

eTCll o6paTHaH 3aB11c11MOCTh. Ha cyrne cjl11T0Macca B I 000 pa3 npeBhirnaeT 

300Maccy, a B OKeaHe ee B 30 pa3 MeHbllle. Ecml BCe cyruecTBylOIUee B Ha

CTOl!IUee BpeMll )1(11BOe semecTBO pacnpe.uen11Tb no IIOBepxHOCTl1 3eMJil1, 

OHO o6pa3yeT nneHKY TOJllUl1HOH Bcero B 5 MM. 0.uHaKO, cyMMapHal! 6110-

Macca, KOTopall 6hrna npo113Be.UeHa Ha 3eMne B Te'1eH11e I Mnp.u neT, npe

Bh1waeT Maccy 3eMHOH KOphI [I]. Tio3TOMY Macrnrn6b1 611occjlepHhIX npo

ueccoB conocTaB11MbI e reonor114ecK11M11 npoueccaM11. 

- 5. Bo3Hl1KHOBeH11e reoccjlepHoro, a 3aTeM reo611occjlepHoro KpyroBopoTOB 

Bell]eCTB conpOBO)l(.[\aJIOCb HaKOJ1JieHl1eM opraHl1'1eCKOro BeruecTBa 11 l1H

TeHc11cjJ11Kau11eì1 MeTa60Jil13Ma e Y4aCT11eM urnpOKOro Kpyra Xl1Ml1'1eCKl1X 

3JleMeHTOB. 

6. )J(11Bble opraHl13Mbl BKJI!O'la!OT MHOr11e X11Ml1'1eCKl1e 3JieMeHTbl 11 06na.ua10T 

1n611paTeJlbHOH cnoco6HOCTh!O 11CIIOJlb30BaTb 11X 113 BHewHeH cpe.Uhl B co

OTBeTCTBl111 CO CBOl1Ml1 6110Xl1Ml1'1eCK11Ml1 11 611ocjl113114ecKl1Ml1 cjlyHKU11llMl1. 

OcttoBy )1(11Boro Beruecrna cocTaBJIHeT yrnepo.u, 06na.ua10m11ì1 yH11KaJihHOH 

cnoco6HOCTb!O C03.UaBaTh 6ecKOHe'1HOe MHO)l(eCTBO pa3H006pa3HbIX, yc

TOH'111BhIX 11 B TO )!(e BpeMll na611JibHblX Xl1MWieCK11X coe.u11HeHl1H. 

7. ConpH)l(eH11e B 3BOJI!OUHl1 3eMJil1 reoccjlepHbIX 11 611occjleptthIX npoueccoB 

HOCHT Ul1KJI11'1eCK11ì1 xapaKTep. YcJIO)l(HeH11e 11 .u11cjlcjlepeHu11au11ll 3Koc11-

cTeM nocpe.ucTBOM .Ul1Beprettu1111 11 KOHBepreHU1111 Ha ypoBHe IIOIIYJIHUHH 

xapaKTep113y10TCH cKa'1Koo6pa3HOCTb!O 11 MYJibTl1CTa6ttnhHOCTh!O. 

8. K OCHOBHbIM 611occjlepHhIM xapaKTep11cT11KaM )1(11BOro seruecTBa B reono

r11'ieCKOH l1CTOp1111 3eMJil1 MoryT 6b!Tb OTHeceHbl cne.uyIOLUtte: 

- BbICOKaH CKOpOCTb 11 cneuttcp114HOCTb 6110Xl1Ml1'1eCKl1X npoueccoB B reo-

611occjlepe o6ycJIOBJieHhl oco6eHHOCTllMl1 cjlepMeHTaTHBHOro KaTaJil13a, 
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KOTOpb!H, B CBO!O O'-!epe.ub, ~IBJU!eTC51 pe3yJJbTaTOM 3BOJ1!0U110HHOro OT-

6opa opraHl13MOB - C03.UaTeJJett 11 HOCl1TeJJett <f>epMeHTOB; 

- B03Hl1KHOBeH11e .usyx <f>opM )!(113Hl1 - a3p06HOH 11 aHa3p06HOH onpene

mrno ,llBa OCHOBHb!X nyT11 BOBJle'-!eHml OCHOBHbIX 3JleMeHTOB B reo6110-

c<f>epHblH KpyrosopoT. 

5.1.1. Ko3BOJIJOI.JJUI ,n;Byx BeTBeìf reofornc<PepbI 
Q3epa e npeCHOH BOAOH, CKPblTble B HeApax 

sy11KaHV14eCKV1X rop , V1CT04HV1KV1 rop7!4V1X MV1Hepa11b

HblX BOA, r11y6V1Hbl OKeaHa, sepXHV!e 0611acrn aTMO

c<j>epbl, nosepxHOCTb caMblX seYHblX CHeros - BCIOAY 

Mbl HaXOAVIM opraHV130BaHHble Cyll.\eCTBa. 

l/. Aaps11H 

Pacnpe,UeJJe~rne Xl1M11'-!eCKl1X 3JleMeHTOB Me)!(,Uy BeweCTBOM MaHTl111 11 

3eMHOH KOpbl B Te'-leH11e BCett l1CTOp1111 reoc<f>epbl CBl1,lleTeJ1bCTByeT o HaKODJ1e

H1111 B 3eMHOH KOpe JJerKODJ1aBKl1X 3JleMeHTOB, '-ITO JIBJ151eTCJI 06ocHOBaH11eM 

11.ue11 A. Il. Bnnorpa.uosa o «BbmJJasJJeH1111» sewecTsa 3eMHOtt KOpbI 113 MaH

THH. B DOJ1b3Y <f>opM11poBaHHJI rn.upo- 11 aTMoc<f>epbl 3eMJ111 B pe3yJJbTaTe Bbl

xona Ha nosepxHOCTh B xo.ue .uera3au1111 x11Mw1ecK11 CB513aHHbJX 11JJ11 cop611po

BaHHbIX JJeTy'-111X 3JleMeHTOB, 3aXBa'-!eHHb!X B He60JibWOM KOJ111'-!eCTBe TBep,UOH 

<f>paKu11eì1 npoTonnaHeTHOro seweCTBa, cs11.11eTeJibCTsyeT 11x Macca, KOTopal! 

MeHbWe MaCCbl Jll1TOC<f>epbl, a TaK)!(e He3Ha411TeJ1bHa5! pacnpOCTpaHeHHOCTb 

rn»eeJiblX 6JJaropO,llHbIX fa30B. 

B xone reo3BOJI!OU1111 npoTosewecrna n11<f><f>epeHu11posan11cb Ha c11JJ11KaT

HY!O o60J10'-IKY 11 MeTaJIJll1'-!eCKOe 51,Upo Fe-Ni-cnnasa. c .UOCTaTO'-IHOH ,llOCTO

sepHOCTblO ycTaHOBJieHO, '-ITO B r11npoTepMaJ1bHblX 11CTO'-IHl1Kax np11 TeMnepa

rype CBbIWe 80 °C B03MO)!(eH a611oreHHblH Cl1HTe3 opraHl1'-leCKHX seweCTB, B 

pe3yJJhTaTe KOToporo 113 HeopraH11'-lecK11x coe.1111HeH11ì1 (CO 11 HCN) o6pa3y

!OTCll opraHtt'-leCKl1e MOJleKyJibI, B TOM '-111CJ1e aMHHOKHCJlOTbl 11 npOCTeì1w11e 

n11n11.11b1. KarnnH3aTopaM11 3Tl1X peaKu11ì1 cJiy)!(aT np11cyTcrny10w11e s rnnpo

TepMaJJbHhJX sonax rnep.11b1e qacT11UbI, conep)!(aw11e Fe 11 Ni. 3ToT <f>aKT .s1sm1-

eTc.s1 O,llHl1M 113 aprYMeHTOB B D0Jlb3Y r11n0Te3bl, cornacHO KOTOpOH )!(H3Hb Ha 

3eMJie 3apon11nacb B ropll411X synKaH11'-!ecK11x 11CTO'-IHl1Kax [2] . 
B HaCT051ll.(ee BpeMJI conep)!(aH11e cynh<fl11,UOB B COCTaBe nJiaHeTHOro Be

weCTBa Mano, a DOTOMY 11X pOJib ,llOCTaTO'-IHO BTOpOCTeneHHa, O.UHaKO B 3eMHOH 

11cTop1111 xaJibKo<f>11nhHhIX 3JieMeHTOB ponh cyJJh<f>11nos KpattHe 3Ha'-!11TeJihHa . 

Cne.uyeT no6as11Th, '-ITO s xone 3BOJIJOU1111 reoc<f>epb1 .use sers11 - c11n11KaTHa.s1 

11 MeTanJI11'-lecKa.s1-cyJJb<fl11.11HaJ1 pa3s11san11cb reox11M11qecK11 He3as11c11Mo. Y6en11-

TeJibHOtt r11n0Te30H, O&bl!CH51!0ll.(ett <f>paKUHOHHpOBaH11e X11M114eCKHX 3JleMeHTOB 

a xone paccJJoeH1151 c11rr11KaTHOtt npoT006orroqK11 3eMn11 Ha cospeMeHHYJO MaH

TH!O, 3eMHYJO Kopy, rn.upoc<f>epy 11 aTMOC<f>epy, 51BJl51eTCJI npe.UCTaBJieH11e o nJJaB

JieHl111 11 11X npOCTpaHCTBeHHOM pa3,UeJJeHHl1 B pacnJJaBax 11 OCTaTO'-!HhIX TBep

.llblX <f>a3ax. 3TOT npouecc conpoBO)!(,Uarrc.s1 OT,UeJieH11eM ra3osoì1 <f>a3bl. TaKttM 
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o6pa30M, B COOTBeTCTBl1e e Q>l1311KO-Xl1Ml1'leCKl1Ml1 oco6eHHOCTllMl1 pacnpene

JieHl1ll KOHKpeTHhIX x11Mw1ecK11x :meMeHTOB npo11cxon11T 11x . nepepacnpenene

H11e Me)Kny rnepnoì1, )Kl1J.lKOì1 11 ra3osoì1 Q>a3aM11. 

Ha 6uoJ1ozu>Jecry10 360fl/Ol{UU oKa3anu 3Ha>Jume!lbHOU 6!lURHue maK.J/Ce 

cJ1eòy10Ufue zeocrfJepHbZe r/JaKmopbz: 

I. Ham1q11e 2-x serneì1 U11KJJa C02 - H 20 - 3HJ.lO- 11 3K30reHHOro. 3Hno

reHHhiì1 u11KJI onpene11HeTcH .l.lB)'MR npoueccaM11: CH4, C02 11 H 2, Bhine-

1111s1Il11ch 113 MaHTl111 B 30Hax o6pa30BaHl151 HOBOH OKeaHWieCKOH KOphl, 

pacrnopHIOTCH B MopcKoì1 so.ne 11 oca)KJ.laIOTcR; Mn 11 Fe o6pa3YJOT B oca

.1.lOl.JHhIX noponax CJJOl1, B KOTOphIX KOHUeHTpl1PYJOTCll OCTaTKl1 T1106aKTep11ì1. 

3K3oreHHhIH u11KJJ, B cso10 oqepenh, Q>opM11pyeTcH synKaH11'leCK11M11 ra3a

Ml1 (CH4, C02, H 20), KOTOph1e, o6pa3yHch B 30Hax Ha3eMHOro sy11KaH113Ma, 

nocrynaIOT B aTMOCQ>epy, a 3aTeM B 011.ne ocanKOB 11 BOJ.\OTOKOB pear11py10T 

e ropHhIMl1 noponaM11 11 BhJHOCllTCll B OKeaH, rne OCa)K).\aIOTCR Ha llleJJhQ>e 

B s11ne Kap6oHaTOB 11 HepacTBOpHMhIX co11eì1. MaHTl1Ì1HhJe npouecchI no 

nep110).\11'lHOCTl1 neJIHTCll Ha nep110).\hJ ).\JJl1TeJihHOCTh!O 150- 180 MJJH JJeT, 

CBll3aHHhJe e 113MeHeHl1eM Te4eHl1H B MaHTl111, 11 nep110).\hJ ).\JJl1TeJJhHOCTh!O 

30- 34 MJIH JJeT, CBH3aHHhie e sy11KaH11qecKoì1 neHTeJJhHOCThIO 11 113MeHe

Hl1eM penheQ>a. HecMOTpH Ha To, 4TO conep)KaH11e C02 11 H 20 B 3K3oreH

HOM U11KJJe np11MepHO B 5 pa3 MeHhllle, 'leM B 3H).\OfeHHOM, nep11on 3K30-

reHHOfO U11KJia HaMHOfO 60JJhllle nep11ona 3H).\OfeHHOfO, II03TOMY o6opoT 

o6meì1 Macchi C02 11 H 20 B 06011x u11KJJax conocrns11M . 3Hno- 11 3K3o

reHHhie npoueCChl Bhl3hJBaIOT 113MeHeHl1ll B KOMIIOHeHTax reocQ>ephl 11 

KJJ11MaT11qecK11e KOJJe6aHl1ll. 

2 . B3al1MOCBH3h Ko11e6aH11ì1 conep)l(aH!1ll s aTMocQ>epe 11 rnApocQ>epe C02 11 co

orneTCTBeHHOe 113MeHeH11e pH s MttposoM oKeaHe. CH11)KeH11e co):lep)KaHl1ll 

C02 Bhl3hIBaeT pocT pH 11 Hao6opoT. YrneK11cJI0Ta, o6pa3YJOIUMCH B pe3y11h

TaTe yc11JieHHOH 3Ml1CCl111 C02, MeHlleT 3Ha'leH11e pH 11 COOTHOWeH11e 110HOB 

yrJieKHCJJOH 11 AByyrJieKl1CJJOH COJJeì1 11, KaK CJJe).\CTBl1e, HaChIIUeHHOCTh BO).\hl 

yr11eKHCJJhIM KaJihU11eM . )l;eQ>11u11T CTp011TeJJhHOfO MaTep11aJia - Kap6oHaT

HhIX qacrnu MO)KeT Hapyw11Th Kap60HaTHh1ì1 peu11KJJ11ttr, T. e. CTPYKTYPY sep

Tl1KaJihHhIX nmoKOB semecTsa B M11posoM oKeaHe. 

3. lI3MeHeH11e rno6aJihHOH COJJHe4HOH aKTl1BHOCTl1 11 611ox11Ml1'leCKl1H U11KJJ 

fa30B0f0 o6MeHa, CBH3aH HhlH e npoueccOM Q>oTOCl1HTe3a 11 COCTaBJJ51!01.Ul1H 

no BeJil1l{l1He nopRnKa 20 % OT 3K30feHHOfO U11KJJa. Ilep110):111Ka 113MeHeHl1H 

so scex nonc11cTeMax reo611ocQ>eph1 (npe)Kne scero B rnApo-, Kp11ocQ>epe 11 

noqso-rpyHTax) B 3Ha411TeJJhHOH CTeneH11 CB513aHa e KJll1MaTH'leCKl1Ml1 K0-

11e6aHl1llMl1 (Ta6JI. 5.1 ). 3Tl1 KOJJe6aHH51, B CBOIO 04epe):lh, onpeneJJll!OTCll, 

np11pOJ.lHhIMl1 npoueccaM11: BHyTpeHHl1Ml1 (3H).\O-, 3K30reHHhIM11) 11 BHelll

Hl1Ml1 (B qacTHOCTl1, IIOJJO)KeHl1eM 3eMJJl1 Ha reJI11oueHTp114eCKOH op611Te -

u11KJJaM11 M11naHKOB11t.Ja n1111TeJihHOCThIO oT 19 no I 00 ThIC. ner). B Ha

cToRmee speMR K Hl1M no6aBJIHIOTCH aHrponoreHHhJe B03neì1cTBH51. 
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Ta611114a 5.1 

ll13M8H8Hli1H reo61-1occpepbi , CBH3aHHble e KJlli1Marn48CKli1Mli1 KOne6aHll1HMll1 [3] 

KoMnoueuT Ilpo._ecchl u HJMeueuuH s reo6uoclj>epe, 

6uoclj>ephl CBH33HHhle e KJJHM3TH'leCKHMH KOJJe6aHHHMH 

!tt.!(poc<j:>epa lhMeHeHml B UHPKJ'llill\HH, TCTIJJO- H Maccoo6MeHe rH.!(poc<J:>epHb!X TIOTO-

KOB, TCMneparypHOM pacCJJOCHHH TOJl!l{H BO.!(hl B OKeaHe (B ncuxpoc<J:>epe), 

ypOBHe H TIJIO!l{a.!(H MOpefi, ra30BOM peJKttMe, HHTeHCHBHOCTH HaKOTIJICHml 

oca.!(KOB, o6pa30BaHHH ra30fH.!(paTOB, KJIHMaTtt'leCKOH 30HaJJhHOCTH 

lJIHl(HO- l13MCHCHHC TIJIO!l{a.!(H o6umpHblX JIC.!(HHKOBhIX noKpOBOB 

c<j:>epa 

Tpono- l13MeHeHtte np03pa'IHOCTH .!(JIH p a3HOro Tttna H3Jl]""lCHHH B 3aBHCHMOCTH 

c<J:>epa OT HX CTICKTPaJJhHhlX xapaKTepttCTHK 

Jiurnc<J:>epa l13MeHeHtte H30CTaTH'ICCKHX HanpHJKCHHH, HHTCHCHBHOCTH 3p03HH, 

BhlBCTPHBaHml, nepepacnpe.!(eJieHHH BJlalKHOCTH, TIO'IB006pa3oBaHHH; 

CMC!l{CHHC naH.!(llla<j:>THhlX H CC.!(HMCHTal(HOHHhlX 30H 

bHOTa l13MCHCHHe 6ttopa3H006pa3HH H 6ttonpO.!lYKTHBHOCTH, Mttrpal(HOHHh!X 

TIOTOKOB, 11HTCHCHBHOCTH reorpa<j:>tt'ICCKOH .!lttcp<J:>epeHl(J-lal.{HH 6HOl(CH030B; 

pa3Bl1THC 6110TH'lCCKHX Kptt311COB 

Ilep110)J,!14eCKl1e 113MeHeHIDI KJIHMaTa, CBll3aHHble, B OCHOBHOM, e l..(HKJiaMH 

MmJaHKOBl14a, OTHOCl!TCll K OTHOCHTeJJbHO KOpOT KHM nepHO)J,aM. IIepHO)J,114-

HC~CTh ne)J,Hl1KOBhIX 11 Me:JKJieiJ,Hl1KOBhIX nepHOAOB se)J,eT K 113Mettett11IO CTPYKI"Y

phl 611oc<t>epbl, a 11MeHHO K nep110)J,114HOCTl1 B03Hl1KHOBeHJ1ll MHOroJieTHeH rnll

u11oc<t>epbl, LITO cymecTBeHHO, DOCKOJihKY reonorw1ecK11e 11 6110T11'1eCK11e <l>YHK-

1.\1111 rJilll..(110C<t>epbl 11 r11il,poc<t>epbl np11Hl..(11Dl1aJibHO OTJil1'1Hbl. 0TMeTl1M, 'ITO B 

611oc<t>epHb!X nepeCTPOHKax CBll3aHHb!X e Jie)J,Hl1KOBbIMl1 11 Me:JKJie)J,Hl1KOBblM11 

nep11o)J,aM11, Kpaiitte cymeCTBeHHb!M B 611octjiepHOM OTHOWeHl111 npeil,CTaBJillIOT

Cll CKOpOCTl1 pacnpOCTPaHeHl1ll BOJIH OJie)J,eHeHIDI 11 Tal!H11ll . 11Hh!M11 CJIOBaM11, 

3)1,eCb sa:JKHa He TOJihKO CTaT11Ka, HO 11 npocTPaHCTBeHHal! )J,l1HaM11Ka. 

Oco6ettHOCT11 s3a11MOBJil1l!Hl1ll KJI11MaT11'!ecK11x 113MeHeH11H 11 6110ThI , s 

OTJil1'!11e ÒT KOCHb!X 3JieMeHTOB 611octjlepb1, onpe)J,eJil!IOTCll roMeOCTa311COM, 

nose)J,eH'!eCKOH 11 3BOJIIOI.(110HHOH r116KOCTbIO, ycTOH411BOCTbIO 3KOCl1CTeM, Hl1-

sen11pymmeii BHeWHHe B03)J,eHCTBl1ll. 0TCIO)J,a HeJil1HeHHOCTb 6110Tl1'!eCKOH 

peaKu1111 Ha 11HTeHCl1BHOCTb KJI11MaT11L1ecK11x Kone6att11H. He3Ha'!11TeJihHb1e 

KJil1MaT11'1eCK11e KOJie6aHl1ll MOrJil1 cnoco6cTBOBaTb 3Ha411TeJibHblM 6110T11'1e

CKl1M 113MeHeHl1llM, KOTOpb!e Y:JKe 6bJJil1 noiJ,roTOBJieHbl npoueccOM 3BOJIIOU1111 

611oc<t>epbl - <OtjltjleKT 6a60'!Kl1». C Apyroii CTOpOHbI, Cyll.(eCTBeHHbie KJ111Ma

Tl14eCKl1e 113MeHeH11ll MOrJil1 He3Ha'IJ1TeJibHO B03.UeHCTBOBaTb Ha 6110Tl1'1eCK11e 

KOMDOHeHTbl (Hanp11Mep, OJie)J,eHeH11e B nrreHCTOl..(eHe B uerroM crra6o DOBJil1l!JIO 

Ha 611ory Mopeii 11 OKeaHos) . IlpH ::>TOM peaKUHll 6110Tbl onpeAeJil!Jiacb ee np11-

HaiJ,ne:JKHOCTbIO K KOHTHHeHTaJibHb!M 11Jil1 HeKOHTJ1HeHTaJibHbIM BO)J,aM 11 rny-

611HOH 06HTaHHll . 
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P eaKUllll 6110Thl Ha KJIHMan1'1eCKHe KOJie6aHHll orrpe.uem1eTCll, B OCHOB

HOM, MaCIUTa6oM Il CKOpOCTh!O 3TllX 113MeHeHifll B rrpOCTpaHCTBe Il speMeHH 

(Ta6n. 5.2). Ecn11 CKOpOCTh KJI11MaTw1ecK11x H3MeHeH11ìi 3Ha'IHTeJihHO rrpeshI

ruaeT B03MO)l(HOCTH 6HOTH'leCKOll a.uarrTau1111, TO 3TO BJieqeT 3a co6oìi IlOBhIIUe

HHe sepollTHOCTH B03HHKHOBeHHll 3KOJior11qecK11x Kp11311cos . BMecTe e TeM, s 

pe)l(HMe K03BOJIIOUHH pa3BllTHe 611occpephl HMeeT rpaeKTOpH!O pa3BHTHll , orrpe

.ueJilleMyIO BHyTpeHHHMH rrapaMerpaMH, HO B 3Haq11TeJihHOH CTerreHH MO.!lYJIH

pyeMyIO BHeillHHMH reonornqecKHMH Il KJIHMaT11qecKHMll cpaKTopaMH. 3.uech 

Mhl .!lOJl)l(Hhl BHOBh o6paTHThCll K o6ll.{HM rrpe.uCTaBJieHHH o HeJIHHettHOM rrose

.ueHHH CllCTeM B ycJIOBllllX, .uaneKHX OT paBHOBeCHll . .[(a)l(e rrpH IlOCTOllHHOM, HO 

Ha.urroporosoM .uasneHHH BHewHttx cpaKTopos, c11cTeMa MO)l(eT pear11posaTh 

cKa'!Koo6pa3HhI M HJIH Kone6aTeJihHhIM pe)l(HMOM rrose.ueHHll. TaK, MO)l(HO .uy

MaTh, qTo rrepexo.u OT rrpoKapHOTOB K 3yKap110TaM 11 OT 0.!lHOKJieToqHhIX K MHO

roKJieTOqHhIM opraHH3MaM Bhl3BaHhl B rrepsyIO oqepe,!lh TeH,!leHUHllMH «CaMO

cosep weHCTBOBaHllll» 611occpephl, He)l(eJIH 3K30reHHhIMH cpaKTopaMH . 

3J1eMeHmHoe conpR:>ICeHue zeoccjJepHozo u 6uoccjJepHozo Kpyzo6opomo6. Co

rrpll)l(eHHe reoccpepHhIX 11 611occpepHhIX Kpyro sop oTOs ocymecTBJil!eTCll rrocp e.u

CTBOM o6o6meCTBJieHHhlX ITOTOKOB 3Hepr1111, a TaK)l(e XHMH'leCKlfX 3JieMeHTOB 

Ta6m11..1a 5.2 

6 HOTHYe CKllle 1113MeHeHl!l51 Ka K cneACTBl!le nplilp OA HblX K3TaKnlil3MOB 

reoJJor uqeCKHH EuoTuqecicue HJMeueuuH 
n epuoll KaK CJJe)lCTBHe npupO!lHblX KaTaKJJHJMOB 

HaqaJJo Beu,na ,[{ocn1)f(eHHe KpHTWICCKOH KOHUeHTpaUHH KHCnopo,na B aTMoc<Pepe 

(OKOJIO 2,4 Mnp,n JleT Ha'.la,n) CTHMyn11poaano IlOl!BJieHtte 3YKapHOT H 

«6ypHbIH pacusen> MHrKOTenhIX 6eccKeneTHhix Metazoa. B 3TOM co -

CTOllJIO HaqaJJo 6hI CTporo pa'.lBlfTlfll MHOrQKJieToqHhIX opraHttJMOB 

HaqaJJo KeM6pttll Kpyntteiiruee B HCTOpHH 3eMJill one,neHeH11e, BhIJBaBIIIee IlOBbIIIIe-

HHe KOHUeHrpaUHìi OCHOBHb!X tteopraHnqecKllX llOHOB MOpCKOH BO-

,Libi (HOHHOH CllJ!bl ), cnoco6CTBOBaJlO: <PopMHpOBaHllIO TlfITOB, KJiaC-

COB H ceMeHCTB OCHOBHbIX MOpCKllX 6ecnoJBOHQqHbIX Il <PopM11po-

Batttt10 <P11J11onoruqecK11 uenecoo6pa'.lHOro Mop<PonoruqecKoro 

CTpOeHHll MOpCKHX opraHllJMOB, 0611TaBIIIHX Ha rny611ttax OT 50 ,no 

I 00 M (r.ue 06ecneq11BaJJacb ocBell.leHHOCTb 11 Jall.ll!Ta OT Y<l> nyqeii) 

KoHel.\ Op.uoB11Ka Jle.UHllKOBblH MaKCllMYM rJilll.\HOITep110.ua B paHHeM I1aJJeOJoe np11-

Ben K: MaCCOBOMY BblMHpaHllIO TaKCOHOB, nepep acnp e.ueneHHIO 

apeaJJOB 11 pocry 611opa:Jttoo6pa'.llfll B 61101.\eHOJax. KpoMe Toro 

Bbl3BaHHOe ysen11qeH11eM IlJIOil..la.u11 OTpa)f(aJOil..lllX nosepXHOCTeii, 

111Mettett11e anh6e.uo aTMoc<PephI 3 eMntt n p11Beno K <PopM11posaHttIO 

030HOBOro CJIOll 11 KaK CJJe.UCTBtte CHtt)f(eHllIO HHTCHCllBHOCTH Y<l> 

06nyqett11ll noBepxHOCTH 3eMntt 

rpatt11ua CKaqKoo6pa:Jttoe llHTeHCllBHoe n 0Ten neu11e (1aBepruett11e roH-

I1ep M11 11 T p ttaca .UBaHCKOro rJillUllOITep110.ua) CBl!JaHo e caMbIM 3Haq11TeJibHblM 

BbIMllpaHHeM TaKCOHOB Ha npOTll)f(eHllll BC_ero <l>attep030ll 
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11 coe)J.11HeH11ii. Ponh fo1oueH030B s pa3B11T1111 611occj>epb1 xapaKTepmyerc» y.ll.enh

Hoii 11HTeHCl1BHOCTh!O np0,11,YllHpOBaHH» 6110MaCCbl (Konw1eCTBO opraHH'IeCKOro 

semecTBa, co3)J.asaeMoro s e)J,11H11uy speMeH11 Ha ewrn11uy nnoma.ll.11). Bcne)J.CTB11e 

11HTeHCl1BHOro o6MeHa semecTB ro)J.OBM npO.ll.YKIUrn cj>11ronnaHKTOHa B Ha116onee 

npO.ll.YKTl1BHbIX BO)J.ax C0113Mep11Ma e fO)J.OBOH npO)J.YKU11eii necos, 6110Macca KOTO

pbIX B TbIC»'ll1 pa3 6onhIIIe. I1pO.ll.YKU11» nyroBbIX cTeneii 6onhIIIe, l!eM npO.ll.YKUH» 

XBOHHhlX necos, xorn 11x 6110Macca s l O pa3 MeHbIIIe. CKopoCTb nepepa60TKJ1 6110-

MaCChI B 611occj>epe Hanp»MYJO onpe)J.en»eT KpyrosopOT semecTB B reo611occj>epe. 

KaK oTMe'!an B. H. Bepua.ncKuìf, cyruecTByeT «611oreHHM M11rpau11» aTOMOB», s 

pe3YJibTaTe KOTopoii npaKT11l!eCK11 BCe 3neMeHTbl 113 reo611occjlepbl B TOH 11Ill1 11HOH 

CTeneHl1 nona)J.a!OT B opraHl13Mbl. Il03TOMY o6MeH Xl1M11l!eCKJ1M11 3neMeHTaMl1 

Me)!()ly opraHl13MaMl1 11 BHeIIIHeii cpe)J.OH - O)J.11H 113 BIDKHblX KOMTIOHeHTOB ro

MeOCTa3a opraHJ13MOB Ha 611ox11M11l!eCKOM 11 cj>11311onorl1l!eCKOM ypOBH»X. 

Po!lb ocH06HblX 3JU?AteHmo6 u ux u3omono6 6 360lllOifUU zeo6uoc</Jepbz. Bee 

opraHl13MhI, npeHMymecTBeHHO, co.uep)!(aT o, e, H, N 11 s - 3neMeHThl, o6pa-

3Y!Oll\He so.uy 11 opraH11l!eCKHe semeCTsa. KpoMe Toro, np11 11cnapeH1111 BOLlhI H 

OK11CileHl111 opraHl1Kl1 .no C02 06pa3yeTC» Ml1HepanbHbIH OCTaTOK - MHOro

l!l1CneHHbie 30nhHhie 3neMeHThI. Ho 3TOT cocTaB 3Hall11TenhHO sapb11pyeT B 3a

Bl1CHMOCTl1 OT cpe.Ubl o6HTaHl1» 11 Tl1TIOB opraH113MOB. 

ConocTasneH11e co.uep)!(aH11» OCHOBHhIX 3neMeHTOB B opraHl13Max cyIII11 11 

oKeaHa .no3BOn»eT BbrnBl1Th onpe.ueneHHbie KOppenm-11111 (p11c . 5.1 a) . 3ne

MeHTHhiii COCTaB no l!eTbipeM OCHOBHblM 3neMeHTaM B opraHl13MaX Hl13IIIl1X 11 

BMCIIIl1X )!(11BOTHbIX cyIII11 11 OKeaHa conocTaBl1M, l!TO CBl1L1eTenbCTByeT 06 11X 

o6meM npo11cxO)!(L1eH1111. A npe11MymecTBeHttoe co.uep)!(aH11e S B opraHH3Max 

OKeaHa o6bJICH»eTC» ee Ill1TOreHHbIM npOHCXO)!(L1eH11eM: nOCKOilbKY )J(113Hb 3a

po.u11nacb B OKeaHe, TO H XeMOCl1HTe3 Hl13IIIl1X opraHl13MOB, npe11MymecTBeHHO 

06HTa10ru11x B rny611Hax 3Toro OKeaHa, rrpoTeKaeT TaM )!(e. 
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P111c 5.1. CoAep>KaH11e (pacnpocrpaHeHHOCTb) ocHOBHblX x11M11YecK11x aneMeHTOB: 

a) B 611ore cyw1111 OKeaHa [no AaHHblM 4); 6) 1 - B KOCMOCe, 
2 - B 11ery4eiìi <PpaK'-11111 KOMeT, 3 - B >K11BOM Be1.J.1eCTBe 3eMJ111 (no AaHHblM [5]) 
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06pamaeT Ha ce6ll BHHMa1-rne cne.uy10mM 3aKOHOMepHOCTb: aTOMHbie .uo

nH O, C, N H S 6nH3KH rro senH'IHHe TaK)!(e B nery11eif qipaKUHH KOMeT H )!(HBOM 

semecrne 6HOC<ÌJepbl (pHC. 5.1 6). 0THOCHTenbHOe COOTBeTCTBHe HX aTOMHblX 

.uoneif 06bllCHlleTCll, e O,UHOH CTOpOHbl, o6mHOCTblO reocqiepHbIX 1\HKllOB, a e 

.upyroìi CTopOHhI, crreuttanH3auttett scex <ÌJopM )!(H3HH Ha 3eMne. Eonee Toro, 

HaH6onhrnee cosna.ueHHe 3THX 3Ha11eHHH OTMe11aeTCll .unll so.uopo.ua, 'ITO rro.u

TBep)!(.uaeTcll ycnOBHllMH <ÌJOpMHpOBaHHll rrepBH'IHOH aTMOC<ÌJepbl Ha 3eMne, co

CTOllBIIIeH H3 H H He, 3axsa11eHHhIX H3 Me)!(I!llaHeTHoro npocTpaHCTBa. 

l130TOllbl OCHOBHb!X 3neMeHTOB TaK)!(e CbirpanH cymecTBeHHYIO ponb B 

3B0lll01(HH reo6HOC<ÌJepb!. I13BeCTHO, 'ITO Bee CTa6HnhHbJe H30TOllbl B03HHKllH 

B pe3yllbTaTe ll,UepHbIX peaKL(HH, a 11X rrpoCTpaHCTBeHHOe pacrrpe.ueneHHe 3aBH

Cl1T He TOllbKO OT <ÌJH3HKO-XHMH'!eCKHX CBOHCTB H30TOITOB, HO H OT oco6eHHO

CTeH HX qipaKUHOHHposaHHll B xo.ue 3BOlll01\HH reo6ttocqiepbI. Ha 3ape 3son10-

1\HH reoc<ÌJepbl 3eMnH pacrrpoCTpaHeHHOCTb H30TOITOB pa3nH'!HbIX 3neMeHTOB 

OTllH'!anacb OT cospeMeHHOro COCTOllHllll. B Te speMeHa rrpHCYTCTBOBanH MHO

nte pa,UHOaKTHBHble H30TOllbl e OTHOCHTenbHO 6onbIIIHMH rrepHO,UaMH 11ony

pacrra.ua, H3 KOTOpbIX coxpatt11n11ch, HO rrpH 3TOM 3Ha'IHTenhHO YMeHhIIIl1nHcb 

110 co.uep)!(aHHIO, TOnhKO .uonrm1msymtte 3neMeHThI 
232Th, 235U H 

238U. B Ha

CTOllmee BpeMll H30TOITHbIH COCTaB 11pttpO,UHb!X 3lleMeHTOB ,UOCTaTO'IHO rro

CTOllHeH B MaCIIITa6ax reonorw1eCKOH HCTOpH11 3eMnl1. 

Ha 3eMne cymecTBYIOT TP" ycTOH'IHBhIX H30Torra KHcnopo.ua -
16

0, 
17

0 H 
18
0, cpe.uHee co.uep)!(aHHe KOTOph!X COCTaBnlleT COOTBeTCTBeHHO 99,759 %, 

0,037 % H 0,204 % OT o6mero L111cna aTOMOB Kttcnopo.ua Ha 3eMne, H 11eTb1pe pa

.u11oaKT11BHhIX -
11
0, 

13
0, 

14
0 (nepuo.u nonypacrra.ua 74 ceK), 

15
0 (2,1 MHH), 

19
0 

{T 112 = 29,4 ceK), 
20

0 (cymecrny10T rrpoTHBope11HBb1e .uattHbie rro rreptto.uy 11ony

pacrra.ua oT I O MHHYT .uo 150 neT). 3tta'!HTenhHOe rrpeo6na.uaHHe s 6ttocqiepe 

Hatt6onee nerKoro H30TOna 
16

0 CBll3aHO e ycTOH'IHBOH CTPyKTyPOH ero aTOMHOro 

ll,Upa (co.uep)!(HT 8 npoTOHOB H 8 ttettTPOHOB) . MoneKynhI BO.Uhi, co.uep)!(amtte 

1130TOl1 
18

0, MeHhille ucnapllIOTCll H nerqe KOH,UeHCHPYIOTCll, IT03TOMy, HanpH

Mep, B BO,UllHOM rrape Ha,U rrosepXHOCTblO MOpll co.uep)!(aHHe 
18

0 HH)!(e, 11eM B 

MOpCKOH BO,Ue. l1, Hao6opoT, B KOH,UeHCal(HH <ÌJOpMHpY!Oll(HXCll B o6naKax CHe)!(

HblX KpHCTannOB e 60Jlhll1eH sepollTHOCTb!O yqaCTBYIOT MOneKynhI BO,Uhl, co.uep

)!(all.(He 
18
0, 6naro.uapll LJeMy co.uep)!(attue 

18
0 B oca.uKax Bhillie, 11eM B BOMHOM 

11ape, 113 KOTOporo '.l'TH oca,UKH <ÌJOpMHPYIOTCll. l1 '!eM HH)!(e TeM11epaTYPa <ÌJOp

M11pOBaHl1ll oca,UKOB, TeM 6onbwe B HHX co.uep)!(HTCll 
18

0. ITo3TOMY aHanH3 H30-

TOl1Horo COCTaBa CHera H llh,Ua ll03BOnlleT Ol(eHHTb TeM11epaTYPy, rrpH KOTOpOH 

OHl1 <ÌJOpM11posanHCb Ha 11p0nI)!(eHHll 3B0ll!OU1111 3eMnl1, a 110 KOllH'!eCTBeHHOMY 

COCTaBy B 3THX oca,UKaX 
3
H H 

14
C MO)!(HO .uaTHpOBaTb B03pacT llh,Ua. 

CaMhIH nerKHH XHMH11ecK11tt 311eMeHT - so.uopo.u HMeeT TPH H30T011a: 
1H 

HnH H (11poTOH + 3neKTpoH), .ueii:Tep11if 
2H HnH D (rrpoTOH + HeHTpOH + 

+ 3neKTpoH), TPHTHH 
3H Hn11 T (11poTOH +.usa HeifTpoHa + 3neKTpoH), e Macco

BhIMl1 1111cnaMH cooTBeTCTBeHHO 1, 2 H 3. Ecn11 
1H 11 

2H - crn611nhHb1e 1130TOTihI, 

TO 
3H - f:ì-pa.u11oaKTHBeH e 11ep110.uoM 11onypac11a.ua 12,26 neT. CymecrnyeT 
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Mttem-1e, 4TO rpas1nau11ottttoe none 3eMn11 tte.uoCTaT04HO c11nbHO .Ullil y.uep:i1<a

Hl1ll 
1
H , B pe3ynbTaTe qero H yneTyq11saeTCll 6bICTpee 6onee Tl!)!(enoro D, 11, 

cne.uosaTeJibHO, B aTMOccpepe 11 rn.upoccpepe npo11cxo.u11T HaKonneH11e D. no 

CBOl1M CBOHCTBaM CBepXTll)!(eJiall TPl1THeBall so.ua OTJil14aeTCll OT npOTl1eBOH 

(nerKoii) BO.Uhi 6onbwe, qeM .ueil:Tep11eBall Bo.ua. Bcero TPHTl1ll tta 3eMne oKono 

25- 30 Kr H co.uep)!(11TCll OH B OCHOBHOM B rn.upoccpepe (OKOJIO 20 Kr). Ho cne

.uyeT yqHTb!BaTb, 4TO ero KOJil14eCTBO B reoccpepe Henpepb!BHO B03paCTaeT, no

CKOJihKY Tp11Tl1H 06pa3yeTCll np11 60M6ap.u11pOBKe ll.Uep a30Ta H Kl1CJiopo.ua, co

.uep)!(aru11xcll B aTMOCcpepe, tte:ìhpottaMH KOCMl14eCKOro 113nyqett11ll. 

KocMJ1L{ecK11e ll.Upa Bo.uopo.ua, nona.uall B aTMoccpepy, np11 B3aHMo.ueH:crn1111 e 

Kl1CJIOPO.UOM o6pa3ylOT BO.UY. B pe3yJihTaTe Ka)!(,Uhle CYTKl1 B aTMOCcpepe, OOMl1MO 

npOTl1eBOH BO.Uhi, o6pa3yeTCll .uo 1,5 TOHH BO.Uhi , co.uep)!(arueii H30TOObl 
2
H 11 

3
H. 

TI03TOMY MO)!(HO yrnep:lK,UaTh, lJTO OCHOBHhlM HCT04HHKOM np11po.uttoro TP11TIDI, 

.ueil:TepIDI 11 pa.u11oaKTHBHhIX 1130TonoB KHcnopo.uoB llBllileTCll aTMoccpepa. Bcero 

cymecTByeT 36 H30TOnHhlX pa3HOB11.UHOCTeH np11pO.UHOH BO.Uhi, B KOTOpoH: npo

THeBOH BO.Uhi H
16

0 2 co.uep)!(11Tcll 99,73 %. l130TOnHoe cooTHOWeHHe aTOMOB 
1
H J2H 

B KOHTl1HeHTaJl.hHhlX BO,Uax COCTaBillleT 1/4700, a B MOpCKOH BO.Ue - 1/6800. 97 % 
MaCCbI BO.Uh! co.uep)!(11T 11 nerK11e, 11 Tl!)!(eJihie H30Tonb1 H 11 O (ttanp11Mep, B 

I TOHHe pe'IHOH BO.Uhi co.uep)!(11TCll 15 r Tl!)!(eJIOH BO.Ubl). l130TOnttoe COOTHOWett11e 

aTOMOB 
16

01170/
18

0 B np11pO.UHhlX Bo.uax COCTaMlleT 2500/115. 
l130TOilhl yrnepo.ua B reo611occpepe npe.ucTaBneHhl, B OCHOBHOM, .UBYMll 

pa3HOBH.UHOCTllMl1 -
12

C H 
13

C , co.uep)!(att1-1e KOTOpblX B aTMOccpepe paBHO COOT

BeTCTBeHHO 98,93 % 11 1,07 %. l13BeCTHbl TaK)!(e 13 pa.u11oaKTl1BHblX 1130TOnOB 

yrnepo.ua ( OT 
8
C .UO 

22
C), Ha116onee pacnpOCTpatteHHbIM 113 KOTOphlX l!BllileTCll 

14
C (ero aTOMHall .uonll s np11po.uttoM yrnepo.ue oKono 10- 12

, a nep110.u nony

pacna.ua - 5,70 ± 0,03 ThIC . neT). I13oTon yrnepo.ua 
14

C 06pa3yeTcll B aTMO

ccpepe (113 aTMOCcpepttoro a30Ta no.u .ueil:CTBHeM KOCMl14eCKOro H3JTyqeHHll) H e 

MeHhllleH CKOpOCThlO B 3eMHOH KOpe . Cne.uyeT OTMeTl1Th, 4TO ecn11 6onee ner

Kl1H H30TOn 
12

C npe11MyrueCTBeHHO HaXO.UHTCll B aTMoccpepe, TO 
13

C 11 
14

C - B 

Jll1TOCcpepe H .UOHHhIX oca.uKax. Yrnepo.u OTHOCHTCll K nerKHM 3JieMeHTaM, a 

OOTOMY ero 1130TOnhl, B cpaBHeHl111 e Tl!)!(eJihIMl1 3JieMeHTaMH, 3Ha4HTeJThHO 

pa3JIH4alOTCll no Macce H, crre.uosaTeJlhHO, no <ÌJl13H4eCKHM CBOHCTBaM . ::ho 

cnoco6crnyeT cppaKUHOH11pOBaHHlO H30TOnOB yrnepo.ua, KOTOpoe B np11po.ue 

HHTeHCHBHO npOHCXO.UHT npH OTHOCHTeJibHO HH3KHX TeMnepaTYPaX B pe3yJib

TaTe pacTsopeH11ll C02 B so.ue, ero 11cnapett11ll, KpHCTarrrr113au1111 11 T . .u., a cTe

neHh cppaKUHOHHpOBaHHll 3aBHCHT OT 6HOXHMH4eCKHX MexaHH3MOB CBll3hIBa

HHll yrnepo.ua. TaK, 6orrbw11ttcTBO paCTeHnii HHTettcnstto HaKannnsaIOT 
12

C 

( OTHOCHTeJThHOe co.uep)!(aHHe 
12

C B HX COCTaBe Ha 15-25 %o Bblllle, qeM B aT

MOCcpepe), a co.uep)!(aHne 
12

C s 3rraKOBh1x pacTeHHllX, xapaKTepttbJX .unll cTen

HbJX naH.u111aqnoB, OTKJIOmleTCll OT aTMOCcpepttoro JIHlllh Ha 3- 8 %0. 
B np11po.ue cyruecTBYIOT .usa cTa6HJibHblX H30Tona a3oTa -

14
N 11 

15
N, 

11111p0Ko npe.ucrnsnettttb1e B reò611occpepe . .[(aHHhie o KorrnqecTBettHOM co.uep

)!(att1111 HHTpaTOB (N03- ) B JTe.UHHKax OTpa)!(aJOT U11KJ!HL{HOCTh COJIHe4HOH aK

THBHOCTH . MoneKynhr HHTpaTOB o6pa3yIOTCll H3 NO B BepxHnx cn ollx aTMO-
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ccpephl no.u 803,UeHCTBlieM liOHli31ipyK>mlieH KOCMli"leCKOH pa.uttaUlili B pe3yJib

TaTe OKliCJieHlill npeliMymecTBeHHO N20, nocTynaimuero B aTMoccpepy li3 

fiO"IBhl, a30THbJX y.uo6peHliH li npo.uyKTOB cropaHlill TOfiJiliBa. no sceii sepOl!T

HOCTli, B KpyrosopoTe a30Ta npOliCXO,llliT cppaKUliOH1ipOB3Hlie ero H30TOfiOB, 

O,UHaKO .uaHHbie Ha 3TOT C"leT npOTliBOpe"lliBhl. 

nepBble .uaHHhie no H30TOfiHOMY COCTaBy cepbl cyJJbCÌJli.UHblX py.u, no11y

"1eHHbJe e nOMOil(hlO CT3HUliH «Mlip-1)) li «Mlip-2» B 90-x rr. xx B., noKa3aJili 

czrueCTBeHHOe o6orameHlie BXO,lll!Il(eH B liX COCT3B cepbl Tl!lKeJJb!M li30TOfiOM 
3 S. CyruecTsyeT rnnoTe3a, cornacHo KOTopoii npli o6pa3oBaHttli .UOHHbIX oca.u

KOB B XOJJO.UHOH MOpCKOH so.ue cy11bcpaTHbJe MliHepaJJbl (nmc, aHrnLlpliT li .up.) 

HaKanJJliBaIOT n1JKeJJb1e li30TOfibI cepbL YcTaHOBJJeHo, "ITO LllianaJOHbI 3Ha"leHliH 

KOHUeHTP3UliH 
34S B cospeMeHHb!X fiOJ!liMeTaJJJJli"leCKliX fliLlpOTepMaJJbHb!X 

CYJJhcpli.UHh!X py.uax B OKeaHe npaKTli"leCKli COBila,UaIOT CO 3Ha"leHlil!Mli KOH

ueHTPaUlili 
34S B .upeBHliX nOJJliMeTaJJJJli"leCKliX 3aJJeJKax KOHTHHeHTOB. B xo.ue 

3BOJJIOU1ili co.uepJKaHlie OCHOBHb!X XliMli"leCKHX 3JJeMeHTOB H HX H30TODOB co

np}!lKeHHO li3MeH}!JJOCb B reo- 11 61ioccpepe. 11cTOplill reo61ioccpeph1 cocTOliT li3 

qepe.uosaHliH JKapKHX li XOJIO.UHbIX neplio.uos: s coorneTCTBtte e 3cpcpeKTOM Cope 

6011ee rnJKeJJbJe li30T0fibl KOHUeHTPliPYIOTCll B 6011ee XOJJO.UHOH 30He. B 3TOM 

Mhl Bli,llliM rrpOl!BJJeHlie caMoro o6ruero 3cpcpeKTa cppaKUliOHlipOBaHli}!, CBl!3aH

HOro e TepMO.UliCÌJCÌJyJlieH. 

AHaJJli3 ny3biphKOB 003.uyxa, BMopolKeHHhIX so Jib.UbI AHTapKTH.UhI, 3a rro

c11e,UH1ie 420 TbIC. JJeT (no MaTepliaJiaM CT3HUlili «BOCTOK») fiOKa3bJBaeT, "ITO 

co.uepJKaHlie rrapHHKOBbIX ra3os C02, CH4, a TaKJKe TeMrrepaTYPa aTMoccpepbr 

liCilhITb!BaJJH HeOLlHOKpaTHb!e CliHXpOHHhie KOJJe6aHli}!, li3 KOTOpbIX Ha1i6onee 

3Ha"lliTeJihHbie coOTBeTCTBYIOT UliKJiaM M11naHKOBli"la. CospeMeHHall aTMO

ccpepa cor1eplKHT 360 ppm (MliJIJiliOHHa}! .UOJIH, e.u1rnliua li3MepeHirn KOHUeH

TPaUlili) C02 (liJili 0,036 %), "ITO }!BmeTC}! MaKCliMYMOM 3a nocne.UHHe 500 ThIC. 

JieT. 0.uHaKO .uaJKe rrpH OTCyTCTBliH aHTPOIIOreHHOro cpaKTOpa, cornaCHO pacqe

TaM, 3Ta KOHUeHTpauttH C02 cocTaBJI}!Jia 6b1 rropH.uKa 280 ppm, T. e . KaK .uo Ha

qa11a umpoKOMacwTa6ttoro ClKliraHli}! HCKorraeMoro TOIIJiliBa. Or1HaKo 3TO .ua

JJeKo He nepBb!H IIHK B HCTOpliH 3eMJIH. TaK, OKOJJO 300 MJJH JieT Ha3a.U Ha CMeHy 

XOJJO.UHOMY pepno.uy, ,llJIHBWeMyCl! fiO"ITH 500 Tb!C. JieT, rrpHWJIO rno6aJJbHOe 

noTerrJJeHtte, conpjjJKeHHOe e pe3KliM B03pacTaHtteM co.uepJKaHtt}! B aTMOccpepe 

C02 - OT 250 ppm .uo I 000 ppm, a 3aTeM tt .uo 3000 ppm. 

l13BeCTHO, "ITO, BO-rrepBbIX, MeTaH - ropa3Ll0 6011ee <OcpcpeKTliBHbIH» 

napHHKOBblH ra3, 11eM .UBYOKliCb yr11epo.ua, a BO-BTOpb!X, 3a BpeMll liH.UYCTpli

aJihHOH 3IIOX1i ero co.uepJKaHlie B aTMoccpepe yseJJli"lliJIOCb rro"ITH B 3 pa3a. 

MeTaH o6pa3yeTC}!, npeJK.ue scero, B pe3yJihTaTe .ueHTeJihHOCTli 6aKTepliH

MeTaHOreHoB, rrpe.ucrnBttTe11eii .upesHeii rpyrrrrhI apxe6aKTep11ii, yqacrny10mnx 

B pa3JJOJKeHttli opraHli"lecKoro semecrna B aHa3po6Hb1x yc110Btt}!X. Do3TOMY 

OCHOBHbJe ero HCTO"IHHKH - 6oJJOTa, MycopHh!e CBaJJKH, pliCOBbie IIOJlll, KliWe'l

HHK JKsa11HhIX lKliBOTHbIX n Kttwe"IHHK TepMttTOB. 3Ha"lttTeJibHa}! 11acTb CH4 

TaKJKe Bh!,UeJil!eTC}! Ha ,UHe OKeaHa 11epe3 TpeIUHHhl 3eMHOH KOpbl, npli ClKttra

HliH JJeCOB li rrpli pa3pa60TKax ropHh!X rropo.u. Jlttlllh He,UaBHO 6b!Jl0 Bbll!CHeHO, 
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4TO BCeM H3BeCTHbJe BbICWHe pacTeHH.ll cny:ll<aT Ba)!(HblM HCT04HHKOM MeTaHa B 

aTMoccpepe. PaCTeHtt.ll necos H casaHH H3-3a oco6eHHOCTefi cf>oTOCHHTe3a 3a

MeTHO OTJ1H4aIOTC.ll .11:pyr OT .11:pyra no COOTHOWeHHIO H30TOnOB 
13

C/
12

C, H Ta

KHe )!(e pa3J1H4H.ll o6Hapy)!(HJ1HCb B BbJJJ:eJJ.lleMOM HMH MeTaHe. 3eneHhJe pacTe

HH.ll CHHTe3ttpyIOT MeTaH 6e3 yYaCTH.ll MHKpo6oB, a caM npouecc paCTHTeJlbHO

ro MeTattoreHe3a pa.D:ttKaJJbHO OTJJHtJaeTC.ll OT apxe6aKTepttanhHOro. I1oKa3aHo, 

4TO pacTeHH.ll CHHTe3ttpyIOT MeTaH He H3 auernTa KaK MHOrHe apxe6aKTepttH

MeTaHoreHbl. Bo3MO)!(HO, HCT04HHKaMH pacTHTeJlhHoro MeTaHa cny)!(aT MeToK

CHJlhHbie rpynmI ( - OCH3) o6bI4HbIX paCTHTeJlbHbIX yrneBO.D:OB - rreKTHHa H 

nttrnHHa. B uenoM, pacTeHtt.ll BhI.D:eJJ.l!IOT 60-240 MJJH TOHH CH4 s ron (npH4eM 

OCHOBHOH BKJla.D: BHOC.l!T TpOI1H4eCKHe neca H caBaHHbI), H 0,5-7 MJlH TOHH o6-

pa3yeTC.ll H3 orraswttx nttcTbeB. B CYMMe :no cocTaBJl.lleT l0-30 % OT o6mero 

nocTynneHH.ll CH4 B aTMoccpepy, BKJJIOYa.11 aHTponoreHHbJe HCT04HHKH [7]. 
O rreptto.11:ax one.11:eHeHtt.ll rro3son.11eT cy.D:ttTb H OTHOCHTeJJbHOe co.11:ep)!(a

HHe T.ll)!(eJJoro H30TOna KHCJlOpona 
18

0 B .D:OHHbIX MOpCKHX OTJlO)!(eHH.l!X. CyTh 

cppaKl(HOHHpOBaHH.ll H30TOnOB COCTOHT B cne.D:yIOIUeM: BO.D:a e rrosepxHOCTH 

OKeaHa Hcrrap.lleTC.ll, 3aTeM KOH.D:eHcttpyeTC.ll H CHOBa Bbma.11:aeT B BH.D:e OCa)lKOB. 

rlptt :JTOM MoneKynhr BOJJ:hl, co.11:ep)!(amtte tt30Torr 
18

0, so3spamaIOTC.ll s Mttpo

sofi OKeaH 6b1crpee, tJeM co.11:ep)!(amtte nerKHH 
16

0, H 3TH «JJerKHe» MoneKynh! 

' UHKJlOHaMH YHOC.l!TC.ll Ha KOHTHHeHTbl, B pe3yJlbTaTe '-!ero CHer scer.11:a 06e.11:HeH 

H30TOnOM 
18

0 (H30TOTIHblH COCTaB JJ:O)!(JJ:eBOH 80.IJ:bl TaK)!(e OKa3b!BaeTC.ll OTJ1H4-

Hb!M OT COCTaBa MOpCKOH 80.IJ:bl 8 TOM )!(e Hanpa0neHHH H no TOH )!(e npH4HHe). 

I1 no Mepe yseJlH'-!eHH.ll oca.D:K08 H MaCCbl ne.D:HHK08, cpopMHpyeMblX 3THMH 

CHe)!(HblMH oca.11:KaMH, npOHCXO.D:HT o6orameHHe MOpCKOH 80.IJ:b! 6onee T.ll)!(e

JlbIM H30TOnOM 
18
0. OueHtt8a.ll 8 pa3Hb!X CJlO.l!X Jlb.D:a OTHOCHTeJlbHOe conep)!(a

HHe .11:efiTeptt.ll, MO)!(HO npocne.D:HTb .D:HHaMHKY TeMneparypbl 803.D:yxa: npH 

KOH.D:eHCal(HH aTMOCcpepHoro 80.IJ:.l!HOro rrapa no Mepe CHH)!(eHH.ll TeMnepaTypbl 

cHa'-!ana Bhma.11:aIOT ocanKtt e MoneKynaMH BOJJ:hl, co.11:ep)!(aIUHMH .11:eì1Tepttì1, a 

npH .11:anhHeì1IUeM OXJla)!(JJ:eHHH - H e npOTHeM. 

1130TOI1Hb!H COCTaB MOpCKOH BO.D:bl, 8 CBOIO 04epe.D:b, OTpa)!(aeT COCTaB H3-

seCTKOBbIX rraHl(Hpeì1 MeJlKHX nnaHKTOHHbIX opraHH3M08 - KOKKOJlHTOcpOpH.D: 

H cpopaMHHttcpep, KOTOpbie, OTMHpa.11, yyacrnyIOT 8 cpopMHpo0aHJm JJ:OHHb!X OT

JlO)!(eHHH. l13secTHo, 4TO nptt cpoTOCHHTe3e pacTeHH.ll (oco6eHHO CrpacTeHH.ll) 
• 12 

8 nep0y1-0 04epe.D:b HCnOJlb3YIOT MOJleKyJlhI C02 C H30TOTIOM C, a 8 o6pa3yIO-

meMC.ll a6HoreHHblM o6pa30M H3BeCTH.l!Ke OTKJla.D:hIBaIOTC.ll H30TOnhI yrnepo.11:a 
12

C "' 
1 3

C, npH'-leM 0 TOH )!(e nponopuHH, '-ITO "' 0 notJseHHOM 003.11:yxe. B :JTOT 

)!(e H38eCTH.l!K BKJlIOLfaIOTC.ll .D:Ba CTa6ttJlbHblX H30Tona KHCJ10po.11:a -
16

0 H 
18
0, 

npH4eM B TOM COOTHOWeHHH, B KOTOpOM 3TH H30TOnbI HaXOJJ:.l!TC.ll B MOpCKOH 

BO.D:e [8] . KpoMe Toro, aHaJ1H3 HCKOnaeMbIX OCTaTKOB pacTeHHH noKa3aJ1 CMeHy 

JJ:OMHHHPYIOIUHX cpopM B 3aBHCHMOCTH OT TeMnepaTypbl aTMOccpepbl H conep

)!(aHH.ll C02: pocT TeMneparyphI, KaK norH4HO 6hrno 6b1 npe.11:noJJO)!(HTh, aKTH

BH3Hpo0a11 pacnpocTpaHeHHe 3acyxoycTOì1LfttBhIX pacTem1fi. 

lJenoseK KaK nocne.11:Hee 3BeHo s uenH 6HoccpepHOH 3BOJ1IOUHH 4eT0ep

TH4Horo 3Tana 3aBe.D:OMO npe.D:CTaBJl.lleT HHTepec e T04KH 3peHH.ll H30TOnHoro 
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COCTaBa OCHOBHbIX 3JieMeHTOB ero opraHH3Ma. I-fa J:{aHHbIX Ta6JI. 5.3 BH.UHO, 

'ffO Ha .uomo TlDKeJibJX H30TOilOB B HaweM opraHH3Me npHXO.UHTCH scero JIHWb 

0,45 % (no MaCCOBOH .UOJie). 

npeAeJlbHO ynpOU.\a5l C11ryat.11'110, MO>KHO CKa3aTb, 4TO 6onee nerKl'1e 1'130TOnbl 

«Bb1Mb1BalOTC51» B He>Kl'1BOH np1-1p0Ae 1'13 6onee KOCHOH, HenOAB1'1>KHOi1 4acrn B 

ee 6onee A1'1HaMl'14HYIO o6naCTb. B np1'1HUl'1ne 3TO HanOMl'1HaeT B 6onee 06U.(eM 

B1'1Ae 3aKOH Cope, KOrAa B 6onee XOJIOAHOH 4aCTl'1 CHCTeMbl B 60JibWei1 creneHl'1 

KOHUeHTPl'1PYIOTC51 6onee rn>KeJible 4aCTl'1Ubl 1'13 CMern, TOrAa KaK nerKl'1e 4aCTl'1Ubl 

B 6onbwei1 creneH11 npeACTasneHbl B 6onee Harpernii 4acr11 rnCTeMbl. 3aKOH 

Cope n11Hei1HblM o6pa30M CB5l3b1saer conpH>KeHHble noTOKl'1 rennOTbl 11 BeU.\eCT

sa B OTKpblTblX TepMOAl'1HaMl'14eCKl'1X rnCTeMaX. B 3TOM OTHOWeHl'11'1 MO>KHO C41'1-

TaTb, 4TO >Kl'1BOTHble l'1 4eJIOBeK KaK KOHCyMeHTbl BTOporo nopHAKa 6onee, 4eM 

M11KpoopraH113Mbl 1-1 paCTeHl'15l, yAaneHbl or COCT05lH1'15l pasHosernH. BcneACTB11e 

3TOro B Hl'1X KOHUeHTp11pyerrn nerKa5l 1'130TOnHa5l cjlpaKUl'15l. 0AHaKO 3AeCb y>Ke 

He np1'1XOA1'1TC51 rosopHTb o npOCTblX Jil'1Hei1Hb1X COOTHOWeHl'15lX: Hen11Hei1Hble 

3aKOHOMepHOCT"1 cyU.(eCTBeHHO yrnn11Ba10T 3cpcpeKTbl cjlpaKUl'10H"1pOBaHl'15l. 

B 3TOM, Ha Haw B3rJI5lA, BHOBb np05lBJI5leTC51 Ba>KHa5l 611onor114eCKa5l 3aKOHO

MepHOCTb, ccj)opMyn11poBaHHa5l B caMOM 06U.(eM B1'1Ae B cjJ11noreHern4eCKOM 3a

KOHe reKKeJI5l - OHTOreHe3 BOcnp01'13BOA1'1T cp11noreHe3. 0npeAeJieHHa5l HernM

MeTp1'15l , OTMe4aeMa5l B AaHHOM cny4ae, HanOMl'1HaeT rnryau1-1io e ABYM5l cjlyH

AaMeHTaJibHblMl-1 611onor114ecK1<1M11 arnMMerp11HMl'1 (KneT04HOi1 - 1'10HHoi1 1-1 

MOJieKynHpHOH - x 11panbHOi1), KOTOpble, B03Hl'1KHYB B HepaBHOBeCHblX a6110-

reHHblX Cl'1CTeMaX, nepewnl'1 B >Kl'1BYIO np1'1pOAY· 

3neMeHmHblìi cocmae opzaHU3M06 cyiuu u MOpR. K HaH6oJiee pacnpo

cTpaHeHHbIM 3JieMeHTaM B o praHl13MaX (no Mepe y6bIBaHH51 co.uep)!(aH1151), no

MHMO H, C, o H N, OTHOC51TC51 C a, K, Mg, S, P, Cl, Na 11 Si. Ha rpa qmKe 

(pHC. 5.2) BH.UHO, •no 3JieMeHTHbIH COCTaB )!(HBOTHblX MOpH 11 cywH KoppeJIH

pyeT, a no Mepe poCTa aTOMHOH MaCCbl 3JieMeHTOB, MX co.uep)!(aH11e B cpe.uax 

CHH)!(aeTCH. f1pH 3TOM OKeaHH4eCKHe cpopMbl 6HOTbl co.uep)!(aT 60JibWe BO.Uhi -

OKOJIO 80 % (s nJiaHKTOHe CJia6ocB» 3aHHOH H 20 co.uep)!(11TC» nop».uKa 99 %), B 

TO speMH, KaK CTBOJibl Bb!CWHX pacTeHHH cywH - nop51.UKa 60 %. bHOTa OKea

HOB cc5.uep)!(HT 60JibWe N, S H 30JibHbJX 3JieMeHTOB, oco6eHHO Na, Mg, Cl H S 
(40-50 % cyxoii 6HOMaCCbI) [5]. 

Ta6111111.4a 5.3 

MacCOBble AODl'1 OCHOBHblX 3neMeHTOB "1 1'1X 1'130TOnOB 8 opraH"13Me 4enoBeKa , % 

3neMeHT o e H N 

Bcero 60,96 23 ,08 10,00 2,63 

160 1110 I 'so '2c I 13c 'H I 2H 14N I 15N 
l1JHHX 

99,73 I o,o4 I 0,23 98,78 11,21 I o,o3 98,48 I l ,s2 99,97 
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0THOCl1TeJibHO HeI<oTopoii qaCTl1 JierKl1X 3JieMeHTOB, 6Jil13Kl1X rro conep

)KaH11!0 B opraHl13Max cyrn11 H M0p5I, MO)KHO e orrpeneJieHHOCTb!O CKa3aTb, qTo 

CXO,UCTBO orrpe,ueJI5IeTC5I O,UHHaKOBbIM 3JieMeHTHblM COCTaBOM OCHOBHbIX 6110-

MO'JleKyJI 11 6110MaKpOMOJieKyJI . 3To )Ke KacaeTC5I l1 cpH3HOJIOrnqeCKl1 Ba)KHbIX 

MeTaJIJIOB, OTHOC5Ill.IHXC51 K MaKp03JieMeHTaM. 0THOCHTeJibHO 6oJiee T5l)KeJibIX 

3JieMeHTOB CJie,uyeT CKa3aTb, qTo OHH crreu:11cp11qecK11 rrpHB5I3aHhl K orrpe,ueJieH

Hh!M cpepMeHTaM, xapaKTepHb!M ,UJI5I pa3Hh!X BH,UOB opraHH3MOB. 11JIH )Ke OHH 

rrpOCTO Hecneu:ttcpttqecKH ancop6ttpyIOTC5I Ha KJieToqHh!X CTpyKTypax. 

Ilpo6JieMa cpopMHpOBaHH5I 11 3BOJI!OU:1111 3JieMeHTHOro COCTaBa OKeaH11qeCKl1X 

son 5IBJI5IeTC5I nm Hac O,UHOH 113 Ha1160Jiee 3HaqJIMhIX, IIOCKOJihKY )K113Hh BhlillJia 

113 oKeaHa . .UoJiroe speM5I CB5I3h Me)K.Qy pacnpocrpatteHHOCThIO 3JieMeHTOB H 11x 

conep)Katt11eM B OKeaHe cqHTaJiach JI11Heiittoii. OcHOBHoe BHl1MaHHe 6hIJIO cocpe

noToqeHo Ha 3aBl1Cl1MOCTl1 Me)K_uy conep)KaHHeM 3JieMeHTOB B OKeaHe H HX cpH3H

KO-X11MHqecKJ1Ml1 CBOHCTBaMl1, rrp11qeM B ycJIOBH5IX TepMO,UHHaMHqecKoro paBHO

BeCH5I, XOT5I oqeBH,UHO, qTO MHOrHe npou:ecCbI B 3TOH CJIO)KHOH, OTKph!TOH 11 Tep

MO,Ul1HaMJ1qeCKH HepaBHOBeCHOH CHCTeMe 5IBJI5I!OTC5I HeJIHHettHbIMH. 

8bl5IBJieHbI 11 113yqeHbI TPH OCHOBHhlX THrra pacnpe,ueJieHH5I H nepepac

rrpe,ueJieHH5I 3JieMeHTOB B M11posoM oKeaHe (cM. rn6JI. 5.4): 

1. KoHcepsaTHBHhitt - 3JieMeHThI e paBH03Haqttoii 11 nocT05IHHOtt so speMe

Hl1 11 npocTpaHCTBe KOHU:eHTpau:11eii ( OTHeCeHHOH K o6meii COJieHOCTII). 

2. E11oreHHhitt - conep)KaHtte 3JieMeHTOB B rrosepxHOCTHhIX sonax yMeHh

rnaeTC5I B pe3yJihTaTe Hx BOBJieqeH115I B reo611occpepHbitt KpyrosopoT. 

3. Jll1ToreHHhitt (a1poreHHhitt) - TIIII pacnpe,ueJieH115I KOHU:eHrpau:11ii 3Jie

MeHTOB, IIpH KOTOpOM OHH, rrona,ua5I B OKeaH e peqHhIMl1 CTOKaMH H 30JIO

BblM MaTep11aJIOM, rrpaKT11qecK11 IIOJIHOCTb!O Bb!BO,U5ITC5I B oca,UOK. 

AHaJIH3 Ta6JIHU:hl IT03BOJI5IeT 3aKJI10qHTh, qTo OCHOBHhIM THITOM pacnpe

,ueJieHH5I 5IBJI5IeTC5I 611oreHHhitt (E - 49, K - 27, A - 6). 3m csi1,ueTeJihCTByeT 



Ta611111.1a 5.4 

T111nb1 pacnpeAeneHlllfl 3JleMeHTOB 111 KOHt.1eHrpa1.1111fl pacrnopeHHblX cpopM [no A8HHblM 5] 

O cHoRHoìi THn 0CHORHOH THR 

~ pacnpe11.eneH HH Kom1eHTpauHH pacTRopeHHhIX cpopM 
~ pacnpe11.en eHHH KoHue11TpauHH paCTRopeH Hh1x cpopM 

"' R cpe11.e "' R cpe11.e 
;: ;: 

"' "' ., ., ..., 
R ROil.e, RJl3HKTOH, neJ1J1eTh1, RJReCb, 

..., 
R ROil.e, RJl3HKTOH, n eJ1J1eTh1, RJReCb, 

K li Jl 
MKr/JI MKr/r MKr/r MKr/r 

K li Jl 
MKf/JI MKr/r MKr/ r MKr/r 

H + (I) + (2) 0,003 (Hi) 60 000 - - Sr + 7,7-103 300 500 300 

He + (I) +( I) 0,0076 - - - y + 0,0 13 4 - 15 

Li + 180 40 - 20 Zr + 0,03 5 - 50 

Be + 0,0002 0,4 - I Nb 0,005 0,1 - -

B + 4,5· 103 50 - - Mo + IO I - IO 

e + (2) +( I) 28· 103
- 400 000 200 000 200 000 Ag + 0,003 0,4 2 4 

Copr (A) , 
15·103

-

C"'"' (E) 

N + (2) + (I) 500 80 000 25 000 24 000 Cd + 0,08 3 IO 6 
16,5· 103 

o + 10·103 350 000 - - Sn + 0,00 1 7 - 5 

F + l ,3· 103 10 - - Sb + (l) + (2) 0,15 0, 1 40 5 

Ne + ( l ) + (2) 0,16 - - - I + 50 50 300 150 

Na + 10800·1 03 35 000 - 40 000 Xe + 0,04 - - -



npoAOn>KeH~e Ta6Trnl\bl 5.4 

OcHOBHOìi n rn 0 CH OBHOH THH 

w pacnpe11eJ1eHHll KoHueH:rpauH11 pacrnopeHHbIX «jlopM w pacn pe11eJ1eHH11 K OHUCHTpauHll pacrnopeH HbIX «jlopM 
:. B cpe11e :. B cp e11e " " ::: ::: 
" " :i: :: .., 

B BOllC, n.ilaHKTOH, ne.il.ilCTbI, BJBCCb, 
.., 

B BOile, nJJaHKTOII, HC.il.ilCTbl , BJBCCb, 
K E Jl 

MKr/JJ MKr / r MKr/ r MKr/ r 
K li Jl 

MKr /.il MKr i r MKrir MKr/ r 

Mg + I 293· 103 8 000 IO 000 5 000 Cs + 0,3 0,04 5 2 

Al + 0,5 100 20 000 6 000 Ba + IO 100 200 400 

Si + 2,8· 103 60 000 - 45 000 La + 0,005 0,8 30 1,2 

p + 70 9 000 - 2 500 Ce + 0,002 1,2 200 2,5 

s + 904· 103 5 500 - 400 Pr + 0,0006 0, 15 - 0,31 

Cl + 19360·103 55 000 - - Nd + 0,003 0,7 - 1,6 

Ar + (1) + (2) 600 - - - Sm + 0,0005 0,07 - 0,4 

K + 400 ·103 IO 000 - 8 000 Eu + 0,000 1 0,02 1 0,06 

Ca + 415· 103 15 000 150 000 40 000 Gd + 0,0007 0,2 - 0,4 

Se + 0,0007 0,2 5 40 000 Tb + 0,000 1 0,3 - -

Ti + 1,0 50 I 500 200 Dy + 0,0008 0,15 - 0,4 

V + 1,5 4 100 50 Ho + 0,00025 0,03 - 0,5 

Cr + 0,25 IO 40 100 Er + 0,0008 0, 09 - 0,2 

Mn + (2) +( I} 0,03 IO 1 000 200 Tm + 0,0002 0,015 - -



0KOHYaH~e Ta6Jlm .(bl 5.4 

Ocuoeuou THn Ocuoeuou Ttt n 
\j) pacnpe11eneuue KonueuTpauue paCTeopeH HbIX cj>opM 

~ 
pacnpe11eJieHHH KouuenTpauue pacTeopenHhIX <j>opM 

:. e cpe11e e cpe11e "' "' ::: ::: 
"' "' = = -! 8 BOiie, nJia HKTOH, nenneTb1, BJBeCb, -! B BOiie, nJJa HKTO H, nenneThI, BJBeCb, 

K 6 Jl MKr/JI MKr/r MKr/r MKrfr 
K 6 Jl MKr/JI MKr/r MKr/r MKr/r 

Fe + 0,05 800 20 000 8 000 Yb + 0,0007 O,o? - 0,08 

Co + 0,002 1,5 IO 5 Lu + 0,000 15 0, 0 15 - 0,02 

Ni + 0,4 IO 20 70 Th + 0,0005 0,1 - 0,3 

Cu + 0,1 40 400 300 u + 3,2 

Zn + 0,4 300 I 000 600 Hf 0,0003 (O, I) 

Ga + 0,02 0,2 - 5 Ta 0,0002 (0,3) - 0,4 

Ge + 0,005 0,03 - 6 w + 0,01 (0 ,5) - -

As + 1,5 10 - - Re + 0,0004 (0 ,005) - -

Se + 0,01 4 5 8 Hg + 0,002 0,2 0,3 5 

Br + 67· 103 500 - 35 TI + 0,01 (0, 1) - 3 

Kr + (I) + (2) 0,3 - - - Pb + 0,002 20 30 200 

Rb + 120 3 - 50 

flpUMe'lmtue. K - KOHCepsaTHBHbIH, E - fowr eHHbIH, JI - m n oreHHbIÌi THTibl p acnpet1eneHHl1; (I) 11 (2) - OCHOBHOÌi Il BTOpll'!HbIÌi 

T11nb1 pacnpet1eneH11l! :meMeHTa s cpet1e. 
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aneMeHTOB B MHposoM OKeaHe (no AaHHblM [10]) 
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o rrpaBOMO'IHOCTH pa3pa6ornHHOH B. 11. BepHaJJ.CKHM K0Huerrum1 «BCTpe'IHO

ro» qiopMttposaHm1 6ttoTOH OKp]')KaJOmeì1 cpe,UbI ( co3,namrn wrn cefo1 KOM<i>opT

HOH cpe,nbI 06ttrnHm1) KaK o,nHoro H3 .ueì1cTBeHHbIX rryreì1 a.uamauuu 6uocqiepb1 

s xo.ue ee 3BOJIJOUHH [ 11]. Xo.u Kp11BblX KOHUeHTpautttt pacTBopeHHhIX qiopM 

3JieMeHTOB B MttpOBOM OKeaHe (p11c. 5.3) ,UJUI MOp~, ITJiaHKTOHa, rreJIJieT 11 B3Be

cel1 ,neMOHCTpttpyeT 3TY KOppelUIUHIO. BMeCTe e TeM, Macca MOpCKOH 6110Tbl OT

HOCHTeJibHO HeBeJI11Ka, H rro 3TOH rrpH411He Hecrroco6ua aCCHMHJI11posaTb B 3Ha-, 
'IHTeJibHb!X KOJIH'leCTBaX OCHOBHbie paCTBopeHHb!e B OKeaHe 3JieMeHTbl. 

3JieMeHTHblH COCTaB <i>ttTOMaCCbl KOHTHHeHTOB B 3Ha'lttTeJibHOH CTerreHl1 

orrpe,nemreT cocTas )!(ttsoro semecTsa 611ocqiephI, rrocKOJihKY Macca )!(11Boro 

semecTBa Mttposoro OKeaHa B HeCKOJibKO COTeH pa3 MeHh!IIe MaCCbI )!(JiBOro 

semeCTBa KOHTHHeHTOB, a Macca )!(11BOTHb!X cy!IIH B 100 pa3 MeHb!IIe KOHTH

HeHTaJibHOH <i>ttTOMaCCbl. B CblpOH 6ttoMacce KOHTHHeHTOB co.uep)!(HTC~ 60 % 
BO.Uhi , 38 % opraH11tJecKoro semecTsa 11 2 % 30JihHhIX semecTs, a s cyxol1 

6110Macce - 95 % opraHHKH H 5 % 30JihHhIX semecTB. IIptt 3TOM B opram-1qe

CKOM seiuecTBe <i>ttTOMaCCbl cyIIIH co.uep)!(HTC~ rrop~,nKa 60 % yrneBO,UOB, 30 % 
JIHrHHHa H 5 % JIHITH,UOB H 6eJIKOB (CM . Ta6JI . 5.5). 

PacceRHHble 3JU!MeHmbz. Pacce~HHbJe 3JieMeHThI ttrpa!OT oco6yJO ponb B 

6ttOJIOfH'leCKOM KpyrosopoTe BBH.UY 11X ITOBCeMeCTHOH pacrrpocTpaHeHHOCTH, 

aKTHBHOCTH B qiopMttposaHHH pa3JIH'IHblX coe,UHHeHHH H, CJie,nosaTeJibHO, 

cnoco6HOCTH K aKTHBttposaHHIO H HHrtt6ttposaHHIO 6ttOJIOrH'leCKHX H 6tto

cqiepHbIX npoueccos. 

Cne,nyeT OTMeTHTh, 'ITO s so.uax CYIIIH pacce~HHhie 3JieMeHTbI npettMymecT

seHHO BKJIIO'leHhl BO B3BeCH, a B MOpCKOH BO,Ue - Henocpe,UCTBeHHO pacTsope

Hbl s caMOH so.ne. ,ll.a)!(e TaKtte cna6opacTBop11Mhie 3JieMeHThI, KaK Pb, Se, Ti, Cr 

s oKeaHax npe.ucTaBJieHhI npettMymecTseHHO s stt.ue pacrsopos. TaKHM o6pa3oM, 

OCHOBHa~ Macca pacce~HHb!X 3JieMeHTOB, BOBJieKaeMb!X B BO.UHYIO MHrpal(HIO, 
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Ta6m11..1a 5.5 

YcpeAHeHHblei COCTaB opraHH4eCKOro Bell.leCTBa paCTMTeJlbHOCTM cywH 

(nocne HCKJll04eHM5l 30JlbHblX :meMeHTOB) [5] 

OcHOBH1>1e KOMnOHeHThI 6uoMacchl XuMH'-leCKHìi :meMeHT, MaccoBan 11onn B0/o 
paCTHTeJihHOCTH cymu e H o N 

EuoMacca cyurn 48-54 6-7 37-41 2,0-2,8 

YrneBOAhl 40 7 50 1,5 

JlurHHH 62 6 30 1,0 

JlunHAhl 70 IO 18 0,5 

EenKu 50 7 23 16,0 

CBSl3aHa CO B3BeCllMH , B KOTOpblX 3TH 3JleMeHTbl HaXO)lSITCSI npeuMyw,eCTBeHHO 

B BH)le KOMnJJeKCHblX coe)lHHeHHH, 1-ITO B 3Ha'-IHTeJJbHOH Mepe onpe)leJrneT HX 

XHMH'-leCKYI-0 ycTOHLJHBOCTb (puc. 5.4). IlpH 3TOM npocTpaHCTBeHHOe pacnpe

)leJJeHHe paccel!HHb!X '.)JleMeHTOB, nocTynaI-OIUHX e peLJHb!MH CTOKaMH, TaK)!(e 

HeO)lHOpO)lHO: 3HaLJHTeJJbHaSI HX LJaCTb «ynaBJJHBaeTCll» npu6pe)!(Hb!MH OKea

HHLJeCKHMH BO)laMH, a Jlpyrall 11aCTb nocTynaeT B OKeaHbl [12]. 
KaK H3BeCTHO, rn)lpoccpepa 3eMJJH BKJII-OLJaeT Muposoìi: OKeaH, peLJHbie u 

IlO)l3eMHbie BO)lbl , H pa3JI HLJHe B HX 3JleMeHTHOM COCTase o6bl!CHSleTCSI B nep

sym OLJepe)lb pa3JJHLJHeM HX rette3uca. IlO)l3eMHble BO)lbl B 60JJbWOH CTeneHH 

/ OTpa)!(al-OT XHMHLJeCKHH COCTaB Tex nopo)l H IlOLJB, B KOTOpbIX OHH o6pa3yI-OTCSI. 

qaCTH'-IHO H e pa3HOH CKOpOCTb!O 3TH BO)lbl nona)lal-OT B peLJHbie CTOKH. 3ne

MeHTHblH COCTaB peLJHOfO CTOKa cpopMttpyeTCSI semeCTBaMH 3eMHOH noaepx

HOCTH (ropHbJe nopO)lbl , IlOLJBbl, oca)lOLJHbJe nopO)lbl KOHTHHeHTOB H T. )l.) . 
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PHc. 5.4. YcpeAHeHHble KOHL1eHrpaL1HH 

pacceHHHblX 311eMeHTOB s npMpOAHblX BOAax (no AaHHblM [5]) 
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A Xl1M11qecKl1ll COCTaB OKeaH11qecKl1X BOLI - peqHb!M CTOKOM, paCTBopeHHbl

Ml1 BemecTBaM11 MopcKoro ;:\Ha 11 menbcpa, rrpoL1yKTaM11 BYJIKam1qecKoli .ueH

TeJibHOCTl1. KpyrnBopoT BOL\hI B rn.upoccpepe Ha CTaL\1111 rrepettoca 111 M11p0Bo

ro OKeaHa Ha KOHTl1HeHTbl cymecTBmieTCH LIBYMH OCHOBHblMH ITYTHMl1. I1crra

pHIOl.UaHCH so):la Bbma.uaeT B B11.ue oca):IKOB - L\O)i(L\H 11 cHera. A pacTBOpeHHhle 

B OKeaHe COJIH 11 opraHH'JeCKl1e Bell{eCTBa e yqaCT11eM BO.UHb!X a3p030Jieli, 

cpopMttp)'lO!UHXCH rrp11 BeTpOBb!X CHOCax e BO):\HOH rrosepXHOCTl1, rrepeHOCHTCH 

Ha 3Ha411TeJibHhie Me)l(KOHTl1HeHTaJibHbie pacCTOHHHH. Qqestt.UHO, 'ITO OCHOB

HaH Macca paCTBopeHHb!X BemecTB rrorra.uaeT B 0KeaH11'lecK11e BOL\hI e pe'IHbl

M11 CTOKaMl1. I>naro):lapH rno6aJibHOMY KpyrosopoTy BemecTB, BCe TPH KOMITO

HeHTa rtt):lpoccpepb! B3a11M03aBHCl1Mbl, a OCHOBHb!e ITOTOKl1 orrpe.ueJIHJOTCH 

6110T11qeCKl1M KOMITOHeHTOM reo611occpepbi. 

rnasHaH, yHHKaflbHaH 61-1cflypKaL1HH, CllY4HBWaHrn Ha 3eMne npHMepHo Yepe3 

800 MJlH ner e MOMeHTa ee cflopMHposaHH5!, CB5!3aHa e noHBJleHHeM >KH3HH. 

noCJleAOBaBWHe TpH C JlHWHHM MHJlJlHapAa JleT ee AaJlbHeHwero pa3BHTH5! CO

CT05!J1H B K03BOJllOLlHH >KHBOH H He>KHBOH npHpOAbl. B npHHLlHne, MOrno CJly-

4HTbC5! H TaK, 4TO 3eMJ15! ocranacb 6bl 6e3>KH3HeHHOH, nOA06HO MHO>Kecrny H3-

BeCTHblX nnaHeT. TorAa 6b1 AHcrnnarnBHblH nyrb pa3BHTHH ee reoccflepbl nowen 

cosepweHHO HHblM nyreM. B c1-111y cflH3H4eCKHX 3aKoHos >KHBble opraHH3Mbl He 

Moryr rpaHccflopMHposaTb OTAeflbHb1e 311eMeHTbl ra6!1Hllbl MeHAeneesa, HO MO

ryr HX KOHLleHTpHpOBaTb H nepeMew,aTb. no3TOMY Aa>Ke 3JleMeHTHblH H H30-

TOnHblH cocras 3eMHOH nosepXHOCTH CXOAHOH «BHpryaJlbHOH» He>KHBOH nna-

1 HeTbl, He rosop5! o MOJleKy!15!pHOM, 6blfl 6bl HHblM, TaK KaK HHblMH 6blJ1H 6bl Kpy

rosopOTbl sew,ecrsa s reoccflepe H onoK HX s KOCMoc (Ha oca>K):leHHe 

KOCMH4eCKOH nblJlH Ha nosepXHOCTb 3eMJ1H 61-1occflepa, no sceH BHAHMOCTH, 

cyw,ecTBeHHO nOBJ1H5!Tb He MO>KeT). 

5.1.2. cDOTOCHHTe3 B 3BOJIIOIJJ1H reo611occpepbl 

nepsb1i:i yYeHbri:i ... pa3pa6arb1sa11 npoeKT 113s11eYe

HHfl 1'13 orypuos co11He4HblX 11y4ei:i, KOTOpb1e npeAno11ara11 

38Klll04HTb B repMern4eCKH 38KYnopeHHble CKl\flHKH, 4T0-

6bl 38T8M nOllb30B8TbCfl HMH Al\fl corpeBaHHfl B03AyXa 

B c11y4ae XOllOAHOro H AOJKAl\HBOro 11era. 

,4if<oHaraH Cawpr 

Ilepsoe KOJIH'IeCTBeHHOe 11CCJie):IOBaHtte MeXaHl13Ma pOCTa pacTeHttll rrpo

BeJI B XVII B. cpnaMaH):ICKl1H ap11CTOKpaT H. J>. BaH reJihMOHT. Ilon11BaH B Te

qem1e HeCKOJibKttx neT ;:\epeso, OH cpasH11J1 ero Bee s Haqane 3Kcrrep11MeHTa 11 

B KOHUe. 0Ka3aJIOCb, qTo .uepeBO «ITOrrpaBttJIOCb» Ha 74 Kr, a Bee rroqBbl rrp11 

3TOM YMeHbllll1JICH rrp11Meptto Ha l 00 rpaMM. feJibMOHT c):lenan BbIBOL\: L1orron

H11TeJibHhIH Bee rronyqeH 113 BO.libi. l1 TOJibKO qepe3 ;:\Ba BeKa ITOHBl1Jll1Cb ):laH

Hble o TOM, IJTO yrnepOL\ .uepeBa 06pa1yeTCH B pe1ynhTaTe rrpeBpamett11li aTMO-
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ccpepHoro yrneKHCJIOro ra.3a, H eme OL(HH BeK IIOTpe60BaJICH ~ IIOHHMaH~ MO

JieKyJIHpHoro MexaHH3Ma cpoTOCHHTe3a. .lJ:ìK03e<I> TipHCTJIH B 70-80-x rr. 
XVIII B. o6panrn BHHMaHHe Ha BhIAeJieHHe ropHmeii B 3aMKHYTOM npocTpaH

CTBe CBe'lOH ra3a, B KOTOpOM )!(HBOTHhie 3aL(hIXaJIHCh, a pacTeHHH ero «Hcnpas

lli!JIH». 11M 6bJJI CL(eJiaH BhlBOLI o BhIL(eJieHHH pacTeHHHMH ra3a, BIIOCJieL(CTBHH 

Ha3BaHHOro KHCJIOPOLIOM, He06XOLIHMOro L(JIH L(hIXaHHH 11 ropeHHH. 3To npo

H30UJJIO MeHee 'leM qepe3 nonseKa, KOrL(a CsHcpT HacMeUJHl1'laJI HaA «TOUIHM 

'leJIOBeKOM e 3aKOII'leHHhIM JIHl]OM». 

IlpHCTJIH Ha3hJBaJIH KoponeM cnyqaiiHhIX OTKphITHH. OH 6hIJI nacTopoM 

B JlH)J.Ce, )!(HJI no6Jil130CTl1 OT IIl1BOBapHH 11 ero 3al1HTepecosaJI «B03LIYX», 

IIO)J.HHMalOUIHHCH OT 6pOL1HU1eH 6apL1bl. OH CMOr ycTaHOBHTh, 'ITO ra3, BhIL(e

JIHeMhlH np11 6po)!(eHHH, nperrHTCTByeT ropeHHIO, 11 3aMeTHJI, 'ITO ra3 co611pa

eTCH y 3eMJIH - OH TH)!(eJiee B03L(yxa. 3TOT ra3 II03)!(e 6yL1eT HL(eHTHcpHL\HpO

BaH KaK )J.110KCH)J. yrnepo)J.a. KorAa «TH)!(eJihIH ra3» 6hIJI paCTsopeH B BO)J.e, 

OKa3aJIOCh , 'ITO BOL(a npHo6pena npHHTHblH H pe3KHH BKyc . TaK OH 11306peJI 

ra3HposaHHhie HanHTKH! B 1772 r. Ilp11CTJIH noMecnrn no6er 3eJieHoro pac

TeHHH B cnel]HaJihHhlH KOHTeiiHep, 3aTeM nocTaBl1JI B Hero 3mK)!(eHHYIO CBe'ly 

H 3arepMeTH3Hposan KOHTeiiHep . Cseqa cropena noJIHOCThlO. TI03)!(e IlpH

CTJIH nocaL(HJI B Hero Mh!Ulh, H OHa OCTaJiaCb )!(HBa, IIOCJie Toro KaK L(Oropena 

CBe'la. OH CTaJI nepBhIM, KTO LIOKa3aJI , 'ITO 3eJieHbJe pacTeHHH 3a6Hpa!OT H3 

B03L(yxa yrneKl1CJihIH ra3 H BbIL(eJIHIOT KHCJIOPOL\. 11M 6hJJI nonyqeH H Apyroii 

ra.3 - 3aKHCh a30Ta. Mb1 o6H3aHhI IlpHCTJIH OTKphITHeM seceJIHI.I.\ero ra3a - nep-

1 soro aHeCTeTHKa, npHMeHHBwerocH npH xHpyprH'leCKHX onepal\~X. B 1774 r. 

I1pHCTJil1 noMeCTHJI OKCl1LI pTyT11 B :ny KaMepy L(JIH 3KcnepHMeHTOB. IlpoBOLIH 

OIIh!Thl e nony'leHHbIM np11 HarpesaHl1H fa.30M, OH ys11)1.eJI, 'ITO CBe'la pa3ropa

eTCH s HeM, TOrAa KaK ace paHee nony'leHHhie HM ra3hl npenHTCTBosan11 rope

HHJO. IlpHCTJIH OTKpblJI TO, 'ITO II03)!(e Ha30BYT KHCJIOPOLIOM . 3a OTKpbITHe ra-

3Hp0BKH IlpHcrn11 6hrn np11HHT so cppaHL\Y3CKYIO AKa)J.eM11JO HayK B 1772 r. H 

nony'IHJI MeL(aJib KoponescKoro 06ll1ecrna B 1773 r. Ho He 3a OTKphITHe cpo

TOCHHTe3a! 

TI03)!(e 6blJIO ycTaHOBJieHO, 'lTO IIOMl1MO BbIL(eJieHHH Kl1CJIOpOL1a pacTeHl1H 

nornoma!OT yrneKHCJiblH ra3 H npH y'laCTl1H BO)J.bl CHHTe3HpyJOT Ha CBeTy op

raHH'leCKoe semecrno. B 1842 r. P. Maiiep CBH3aJI 3aKOH coxpaHemrn 3Heprn11 

H npeo6pa30BaHHe paCTeHHHMH 3HeprnH COJIHe'lHOro CBeTa B 3Heprmo XHMH

<JeCKHX CBH3eii, a s 1877 r. B. Illj>e<l>lj>ep Ha3san 3TOT npol]ecc cpornc11HTe3oM. 

XnopocpHJIJlhI 6blJll1 snepBbie BhIAeJieHhI TI. JK. IleJJ1>T1>e 11 JK. KasenTy 

( 1818), a K. A. TuMupsnesy yL1anoch BhIHBHTh KoppeJIHl]HJO Me)!(LIY HHTeH

CHBHOCThlO cpOTOCHHTe3a 11 cneKTpOM rraL(aJOmero CBeTa. B 1905 r. <l>p. bJ13K

MaH yCTaHOBHJI OCHOBHbie rrpouecCbl cpOTOCHHTe3a: OL(HH 113 HHX B 3Ha'lHTeJ1h

HOH CTeneHH 3aBHC11T OT ypOBHH ocsemeHHOCTl1, HO He OT TeMnepaTyphl, a 

BTOpoii onpe)J.eJIHeTCH TeMrrepaTYPOH He3aBl1CHMO OT ypOBHH CBeTa. 3TO 03apeHHe 

nerno B ocHosy cospeMeHHhIX rrpeL1CTaBJieH11ii o cpoTOCl1HTe3e. B 1954-1958 rr . 
.LJ:. ApnoH ycTaHOBl1JI MexaHH3M cseTOBhIX cTaAHH cpoTOCHHTe3a, a cylllHOCTh 
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npou.ecca accHMHJillll.HH C02 6bwa pacKpbITa M. KaJJbBHHOM e HCnOJib30Ba

HHeM 113ornnos yrnepo.ua (3a :ny pa6oTy s 1961 r. eMy 6bwa npHCY)((.UeHa Ho-

6enescKall npeMHll). IT03)((e 6bIJIO ycTaHosJietto, l.fTO noMHMO BbI.UeJieHHll KH

cnopo.ua pacTeHHll norno111a10T yrneKHCJibitt ra3 H npH yl.faCTHH BO.Uhi CHHTe3H

PYIOT Ha cseTy opraHHl.fecKoe semecTso. 

<PomocuHme3 - :no npou.ecc o6pa3oBaHHll opraHHl.fecKoro semecTsa H3 

yrneKHCJIOfO ra3a H BO,Ubl Ha csery npH Yt.faCTHH cj)oTOCHHTeTHl.feCKHX nHrMeH

TOB (xnopocj)HJIJI y pacTeHHtt, 6aKTepHOXJIOpocj)HJIJI H 6aKTepHopo.uonCHH y 6aK

TepHì1). B cospeMettttoì1 cj)H3HOJIOfHH pacTeHHtt no.u cj)oTOCHHTe30M 'lame no

HHMaeTCll cj)oTOaBTOTpocj}ttall cj}yttKU.Hll - COBOKynHOCTb npou.eccoB nornome

HHll , npespameHHll H HCJ10Jlb30BaHHll :rneprHH KBaHTOB CBeTa B pa3JIH'IHbIX 

3HÒ3p20HU'JecKUX peaK11UflX, B TOM l.fHCJie npespameHHll yrneKHCJIOfO ra3a B op

ram1'IeCKHe semecTsa. CymecTBeHHO, l.fTO cnoHTaHHO B )((HBOtt KJieTKe MOfYT 

rrpOHCXO.UHTb TOJibKO 3K33pfOHH'IeCKHe peaKl.{1111, corrpOBO)((,Ua1011111ecl1 CHl1)((e

Hl1eM co.uep)((aH11ll B Hett CB060.UH0tt 3Hepr1111, T. e . .UJill Cl1HTe3a HOBOfO KJieTO'I

HOfO MaTep11aJia OT,UeJibHbJe Cl1HTeT11'IeCK11e peaKU,1111 .UOJl)((Hbl 6bJTb corrpl!)((e

Hbl e peaKU,11llMl1, B pe3yJibTaTe KOTOpb!X BblCB060)((,UaeTCll 3Hepr11ll, Tpe6y10-

111al!Cll .UJill 3T0f0 Cl1HTe3a. 

5 .1.2.1. <DoTOCHHTe3HpYJOmHe opraHH3Mbl 

Ha 3eMJie cj)OTOCl1HTe3 - O.UHH 113 6a30BblX npoueccos )((113HH . e O.UHOH 

CTOpOHbl, B pe3yJibTaTe cj)OTOCl1HTe3a aTMOccj)epa rroJiy'IaeT K11CJIOpo.u, a e 

" .upyroì1 CTOpOHbl, 3TO O.U11H 113 Ba)!(HblX cj)aKTOpOB, BJil1lll011111X Ha KOJil1'IeCTBO 

11 crreKTpbl rrornomeHHOfO 11 OTpa)((eHHOfO 3eMJiett COJIHe'IHOfO CBeTa. 11MeH

HO B rrpouecce cj)oTOCl1HTe3a ocymecTBJilleTCll Cl1HTe3 HOBOfO opraHHl.feCKO

ro MaTep11aJia, no O.UHOtt 113 fl1110Te3, orrpe.ueJIHBW11tt cy111eCTBOBatt11e TaKl1X 

811.UOB 11CKorraeMoro TOl1Jll1Ba, KaK yroJib, Hecj}Tb 11 rrp11pO.UHbltt ra3. CneKTp 

a.uanTaU,110HHblX B03MO)((HOCTeì1 cj)OTOCl1HTe311py10llll1X opraHl13MOB orpo

MeH - MHor11e 113 Hl1X crroco6Hbl cymecTBOBaTb 11 np11 ITOBbJWeHHOtt TeMne

paType, 11 B cpe.ue MeTatta, 11 B r11.upoTepMaJibHbIX 11CTO'IH11Kax M11posoro oKea

Ha (rn6n. 5.6). 
B rno6aJibHOM KpyrosopoTe yrnepo.ua 11 K11cnopona Yt.facrnyJOT npencrn

s11Ten11 scex 3-x seTseì1 opraHl13MOB - apxe11, 6aKTep1111 11 3yKap110TbJ. 

Apxe11 He cnoco6ttbI npo113BOJll1Tb CJlO)((HbJe rnnpom1T11'IeCK11e cpepMeH

TbJ, J103TOMY B 60JlbWl1HCTBe MOfYT ycsa11saTb Jll1Wb rrpOCTeì1w11e opraHl1'Ie

CK11e semecrna (no Tl111Y 11HTaHl1ll 60JlbWall 'IaCTb apxeì1 - xeMOaBTOTPOcj}b!). 

11x cj)OTOCHHTe3 - 6ecxnopocj)11JlJlbHbl tt, a cj)oTOCHHTeTH'IeCKl1M n11rMeHTOM 

llBJllleTCll 6aKTep11opo.uorrc11H - cpop Ma 6enKa, rrp11cyTCTBYIOI11all TOJlbKO y ra

nocpopM . KpoMe Toro, .unll cpoTOCl1HTe3a apxeì1 xapaKTepHo OTCYTCTirne 3JleK

Tp oH-TpattcrropTHOtt uerr11, MeCTO KOTopoì1 3att11Ma10T 6aKTep11oponorrc11Hosal! 

npOTOHHall ITOMITa - caMbltt rrp11Ml1Tl1BHbitt cnoco6 rettepau.1111 3JleKTPOXl1Ml1-

'IeCKOfO rpan11eHTa, 11 ranopononc11H0Ball rroMrra (y ranocj)opM), KOTopall non 
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Ta6m11.-1a 5.6 

3BOnlOl.\HH cjJOTOCHHTeJa Ha 3eMne 

ro)lbl 3ranhl JBOJllOUHH lj>OTOCHHTeJa 

3,4 MIIp,ll IlepBbie cpoTOCl1HTe311PYJOll.111e 6aKTep1111: 11CCTOJib30BaJil1 He o6JiaCTb 

ner HaJa.n Bl1,[{11MOro csera, a 6Jil1lKHl1H I1K; np0113B0,[{11Jil1 He Kl1CJIOpO,[{, a cepy 

11/ 11n11 ee coe.n11HeHm1; 11x rmrMeHTbl (so3MOlKHO, 6aKTep110XIIopocp11n-

Jlbl) - npe.nwecrseHHl1K11 xnopocp11nna 

2,7 MIIp,ll l..(11aH06aKTep1111 - nepsb1e npo113so.n11ren11 K11cnopo,[{a: nornoll(aJOT 

JICT Bl1,[{11Mb!H CBCT, 11CCTOJib3Yll CMCCb n11rMeHTOB (cp11Ko611n11np0Tel1Hbl , 

KCaHTOcp11!1Jlbl, KapOTl1Hbl, xnopocp11IIJ1bl) 

J,2 MIIp,ll KpacHbJe 11 6ypb1e so.nopocn11: KJieT04HbJe CTPYKTYPhl 6onee cnolKHbre, 

JICT qeM y 6aKTep11ìi; co.nepli<aT cp11K0611J111H 11 pa3IIl14Hble 811,[{bl XIIOpocp11IIJIOB 

0,75 MIIp,ll 3eneHbie BO,[{OpOCJ111: 6onee np11cnoco6neHbl K llpKOMY csery Ha MCJIKOBO-

JICT ,[{be, 4CM KpaCHbie H 6ypb1e BO,[{OpOCJI11; OTCyTCTBYJOT cp11Ko611n11rrp0Te11Hbl 

0,425 MIIp,[{ I1epsb1e pacremrn Ha cywe, npo113owe,[{w11e or 3eneHhlX BO,[{opocnei1 

JICT MXl1 11 neqeH04Hl1Kl1: 11X Bb!COTY Jll1MHT11posano OTCyTCTBl1e C0Cy,Lll1CTOH 

c11creMb1(cre6neìi11 KOpHei1), ocywecTBJillJOll.lei1nonyqett11e11 no.naqy 

BO,[{bl 113 CT04Bbl 

0,423 MIIp,ll Cocy,[{11CTb1e pacremrn - nanoporH11K11, rpaBbl, Kycraptt11K11, .nepeBbll: 

ner cnoco6Hbl ,[{0CTl1raTb 60JiblliOH BblCOTbl, 4TO CT03BOJ!lleT nonyqaTb 

6onbwe contte4HOro csera 

,nettCTBHeM CBeTa 3aKa411BaeT HOHhl xnopa B KJleTKY (rrp11 JTOM TaKlKe reHeptt

pyeTCll 3JleKTpOXHMl14eCKHH rpa,n11eHT, KOTOphIH MOlKeT 6hITh 11Cll0Jlh30BaH L(Jlll 

cttHTe3a AT<l>) . Apxe11-J KCTpeMo<f>11nh1 o6na,[laJOT TepMocrn611JlhHhIM11 6enKa

MH, 6onee ycTOH411BhIMl1 K ,[leHCTBHIO Bh!COKHX TeMrrepaTyp, oco6hIM CTpoeHH

eM MeM6paHhI, a TaKlKe .npyrHMH xapaKTepHhIMH a,[larrTaUHOHHhIMl1 oco6eHHO

CT51MH cTpoeHHll . Tio3TOMY apxe11 qacTo 0611Ta10T s He,[locTyrrHhIX ,npyr11M 

<f>opMaM lKl13HH ycnOBl1llX. I1 cneKTp JTHX ycnOBHH Ol.JeHh rrmpoK: TepMO<f>HJlhI 

CllOC06Hhl lKHTh npH BhICOKHX TeM nepaTypax (,no + 113 °C), a IlCHXpO<f>HJlhl -

rrpH cpaBHHTeJlhHO Hl13Kl1X ( OT - l 0 ,[IO + 15 °C); aUHLIO<f>HJlhI - B KHCJlh!X cpe

,nax (pH = 1-5), a anKan11<f>11nh1, - B meno'!Hhrx (pH = 9-11); 6apo<f>11nhr -

rrp11 L1aBneH1111 ,no 700 aTMoc<f>ep ; rano<f>11nhr - s conllHhIX pacrnopax e co

L1epJKatt11eM NaCI rropll,[1Ka 25- 30 %; KCepo<f>HJlhI - rrp11 MHHHMaJlhHOM ypos

He BJiar11. KpoMe Toro, TOJlhKO apxe11 o6naL(alOT KOMITJleKCOM <f>epMeHTOB LIJ!ll 

ocymecTsneHHll MeTattorette3a. 

0L(Hl1MH 113 ,npeBHettumx 6aKTepHH llBJllllOTCll UHatto6aKTep1111, 6naro,[1apll 

KOTOphIM B aTMoc<f>epe Hal.JaJI HaKallJlHBaTbCll KHCJIOpo.n, KOTOph!H OKOJIO 

2 MJIPLI JleT Ha3a,[I LIOCTHr KOHUeHTpau11ii , LIOCTaTOl.JHhIX L(Jlll <f>opMHpOBaHHll 

lKl13HH opraHH3MOB Ha OCHOBe a3po6Horo ,l(hJXaHHll. 3To 113MeHHJ10 CTpyKTyp

HhIH COCTaB 6aKTepHH - atta3p06Hhie <f>opMhI n1160 Bh!Mttpantt, n1160 yxOLll1Jll1 

B JlOKaJihHhie 6ecKHCJlOpOL1Hhie 30Hhl, 'ITO 3Hal.JHTeJlhHO COKpaTHJlO HX BH,l(OBOe 
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pa:moo6pa3He. CospeMeHHhie uHatto6aKTepHH )l(HB)'T s coo6mecTsax e MHK

poopraHH3MaMH, cnoco6HhIMH aKTHBHO nornoma.Th KHCJlOpo.u, npw1eM CKOpOCTH 

BhJ.UeneHHH H noTPe6neHHH KHCJlOpo.ua B TaKHX coo6mecTBax )l(eCTKO KOOp.UH

HHpyIOTCH. 3TO n03BOmJeT C'fHTaTh, 'fTO nosepXHOCTHh!H MHJIJlHMeTpOBhlH 

CJlOH UHatto6aKTepHaJ1hHhlX MaTOB e BhICOKHM co.uep)l(aHHeM Bh!COKOMOJJeKy

JlHpHhIX yrneso.uos H KHCJJOpo.ua MOr 6bJTh «KOJ1bJ6eJJhlO», B KOTOpOH B Te'fe

HHe .UJlHTeJlhHOH K03BOJ1!0UHH 3apO.UHJ1HCh CHa'faJJa coo6mecTBa reTepOTPOcJ:i

HhIX (a3po6HhIX H aHa3po6HhIX) npoKapHOT, a 3aTeM H nepBb!e 3yKapHOThl [13]. 
TaKHM npe.UKOM 3yKapHOT Marno 6hITh CHM6HOTH'feCKoe coo6mecTBO npoKa

pHOTH'feCKHX opraHH3MOB: 

• atta3p06HhlX reTepOTPOcj:>OB, OTHOC5!1lll1XCH K apxeo6aICTep11HM, nonyqaBWHM 

3HeprnIO nyreM 6eCKHcnopo.uttoro c6pa)l(HBaH11H yrneso.uos (rn11Ko11113a); 

• a3po6Hh!X reTepOTPOcj:>OB - 3y6aKTepHH, nony'faBWHX 3Heprmo 3a C'feT 

KHCJJOpO.UHOro OKHCJleHHH Hl13KOMOJJeKym1pHhlX yrJJeBO.UOB - KOHe'fHh!X 

npo.uyicros 3HeprernqecKoro o6Metta atta3po6HhIX reTepoTpocj:>os; 

• a.Ha3po6Hh!X aBTOTpocj:>os - cj:>oTOCHHTeTHKOB (uHatto6aKTepHH), o6ecne

'fHBaBWHX a.Ha3po6Hh!X reTepOTpocj:>os Bh!COKOMOJJeKympHh!MH yrneso

.uaMH, a a3p06HhlX reTepoTpocj:>oB - KHCJJOpO.UOM . 

.lJ:ocTOHHCTBa .uaHHOfO CJ1M6H03a TaKOBhJ: UHa1i06aICTep1111 H apxeo6aICTepH11 

nony'fHJJH B03MQ)l(HQCTh H36aBHThC5! OT H3JJHWKOB TOKCH'fHOfO .UJ15! HHX KH

cnopo.ua H KOHe'fHhIX npO.UYJCTOB 6eCKHCJ10pO.UHOro 3HepreTH'feCKOfO o6Metta; ap

xeo6aICTep1111 11 a3po6tth1e 3y6aKTepHH - Heo6xo.u11MyIO .unH nHTaHMH opraHHKy, a 

a3po6tth!e 3y6aKTep1111 - KHCJJOpo.u KaK OCHOBHOH OKHCJJHTeJlh, ll03BOJIH!OlllHH e 

Bh!COKOH 3cj:>cj:>eKTl1BHOCThlO )'THJJ11311p0Ba.Th opraHH'feCKHe coe.u11HeH11H. 

B aTMoccj:>epe apxeH K11cnopo.ua no'fTH He 6hrno, o.utta.Ko s nosepxttocTHOM 

CJJOe uHaHo6aKTepHaJ1hHhlX MaTOB, KOTOpbie K TOMY speMeHH WHpOKO pacnpo

CTpaHHJJl1Ch, KOHUeHTpau11H Kl1CJJOpo.ua 6bJJJa y)l(e .UOCTaTO'fHa .UJlH cj:>yHKUl10-

HHpoBaHHH a3po6HhIX opraHH3MOB. KHcnopo.u - no60'fHhIH npo.uyKT cj:>orn

CHHTe3a - 6b!Jl 113Ha'faJ1hHO TOKC11'feH .UJlH u11atto6aKTep11ì1, CT03TOMy B xo.ue 

3BOJJ!OUHl1 OHH Bhipa60TaJJ11 p».U cnoco6os 6110XHMl1'feCKOH 3all.(11Thl OT ttero, 11 

O.UH11M 113 TaK11x cnoco6os Marno cTaTh a3po6ttoe .Uh1xatt11e. Ba)l(tteìiwaH 'faCTh 

MexaHH3Ma KJieTO'fHOro .UhIXaHHH - uenh nepettoca 3JJeKTpOHOB - ccj:>opMH

poBaJJaCb H3 6onee npOCTb!X cj:>oTOCHHTe311py!01llHX cj:>epMeHTHhIX Cl1CTeM . 

B 3aBHCHMOCTl1 OT HCCTOJ1h3yeMoro HCTO'fHHKa 3HeprHH, opraHH3Mbl .ue

JIHTC5! Ha </JomomporjJoB (HCTO'fHHK 3HeprnH - CBeT) 11 xe.MomporjJoB (HCTO'f

HHK 3HeprHH - OKl1CJJHTeJ1bHO-BOCCTaHOBl1TeJJbHb!e peaKU11H). <l>oToreTepo

Tpocj:>HhJe 6aICTep11H (Hanp11Mep, nypnypHbJe HecepHbie) HCCTOJ1h3YIOT CBeTOBYIO 

3Hepr11IO .UJlH nony'feHHH so.uopo.ua 113 opraHH'feCKHX semecTB (B qaCTHOCTH 

monponaHOJla) 11 ra3oo6pa3HOro so.uopo.ua. Ecn11 OCHOBHhIM HCTO'fHl1KOM 

3HeprHH B KJleTKe 5!BJ1HeTCH xeMOCHHTe3, 6aKTepHH OTHOCHTCH K xeMoreTepo

Tpocj:>aM 11JJl1 xeMOaBTOTpocj:>aM, B 3aBHCHMOCTl1 OT Toro, KaKHe MOJJeKyJJ&I cny

)!(aT rnaBHh!M HCTO'fHHKOM yrnepo.ua - opraH11'feCKHe 11JJl1 HeopraHH'feCKHe. 
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Y xeMoreTepo-rpocpos opraHHKa .uaeT KaK :meprmo, TaK H yrnepo.u. HanpttMep, xe

Moasro-rpocpbI noJI)"lalOT 3Heprn!O nptt OKHCJieHHH HeopraHwiecKHx semecrs, Ha

np11Mep so.uopo.ua .uo BO.Uh! (2H4 + 0 2 = 2H20), :>KeJie3a (Fe
2
+ OKHCllileTcH .uo Fe

3
l 

11n11 cepb1 (2S + 302 + 2H20 = 2so/- + 4Hl, a yrnepo.ua - .uo C02. 

XeMOCHHTe3 (cnoco6 aBTOTJJOcpHoro n11TaHHll, np11 KOTOpOM HCTOYHHKOM 

3HeprHH .UJill CHHTe3a opraHHYeCKHX semeCTB H3 C02 CJIY:>KaT peaKUHH OKHCJie

HHll HeopraHHYeCKHX coe,UHHeHHH) KaK sapHaHT nonyYeHHll 3HeprnH HCilOJib3y

eTCll TOJibKO 6aKTepH51MH H apxel!MH. (5lsJieHHe xeMOCHHTe3a 6hI110 OTKpblTO B 

1887 r. C. H. BttHorpa.ucKHM.) Bhl.UeJIHIOIUa»c» B xo.ue 3THX peaKUHH 3Heprn» 

He MO:>KeT 6b!Tb Henocpe.UCTBeHHO HCfiOJib30BaHa opraHH3MaMH B npoueccax 

acCHMHJillUHH: Ha nepBOM 3Tane 3Heprnll nepeBO.UHTC51 B 3HeprHIO MaKp03prH

LJeCKHX CBll3eH AT<!> H TOJibKO Ha BTOpOM 3Tane - TpaTHTCll Ha CHHTe3 opraHH

YeCKHX coe,UHHeHHH. K xeMOJIHTOaBTOTJ)OcpHb!M opraHH3MaM OTHOCl!TCll [ 14]: 

• :>KeJie3o6aKTepHH ( OKHCJilllOT .usyxBaJieHTHOe :>KeJie30 .uo TpexBaJJeHTHOro ); 

• cepo6aKTep1111 (OKHCJilllOT ceposo.uopo.u .uo MOJJeKyJJHpHOH cepbl H COJleH 

cepHOH KHCJIOTbI); HHTJ)Hcp11u11py10mHe 6aKTepm1 H MeTaHoreHHbJe apxeH 

( OKHCJI51IOT aMMHaK, o6pa3y!OIUHHC51 B npouecce rHHeHHll opraHHLJeCKHX 

semecrn, .uo a30THCTOH H a30THOH KHCJIOT); 

• THOHOBbie 6aKTepHH ( OKHCJllllOT THOCYJibcpaTbI, cynhcpHTbI, cynhcpH.Ubl H 

MOJieKyllilpHylO cepy .uo cepHOH KHCJIOTbl H, B OTJIHYHe OT cepo6aKTep11ì1, 

He OTKJia,UbIBalOT BHYTPHKJJeTOYHOH cepb1); 

• BO.UOPO.UHbJe 6aKTep1111 (cnoco6Hbl OKHCJil!Tb MOJieKyJrnpHb!H so.uopo.u). 

Ponh xeMOCHHTeTHKOB s 611occpepe oLJeHb sen11Ka, nocKOJihKY OHH HBJilllOT

c» 3BeHOM np11po.uHoro Kpyrosoporn sa:>KHeìiumx 3JieMeHTOB - cepbI, a3oTa, 

:>KeJie3a 11 .up. - 11 noTpe611TeJI5IMH 51.UOBHThIX semecTB: aMMHaKa H ceposo.uo

po.ua. Tio cospeMeHHhIM oueHKaM, 6ttoMacca apxeii, IIJIOTHO 3anoJ1H5!10lUHX 

3KOHHWY Ha rny611He .uo I 000- 1600 M 11 no.u .UHOM M11posoro oKeaHa, 3HaLJ11-

TeJ1bHO npesblwaeT 6110Maccy scex OKeaHHLJeCKHX opraHH3MOB: 6eHTOCa, 

nJiaHKTOHa H HeKTOHa, a HX cyMMapHa51 6110Macca (10
14

T) npeBbJWaeT 6HOMaccy 

Bcex ocTaJihHhIX cpopM :>KH3HH (2 ,4 x I 0 12 
T). HecMOTJJ» Ha oLJeHh MaJihie pa3Me

pbI 6aKTep11ì1 (0,5-5 MKM), HX CYMMapHa51 6110Macca COCTaBJilleT 350--550 MJIP.U 

TOHH, s Heìi 3anaceHo 60-90 % yrnepo.ua cp11T0Maccb1, a 3anac morn 11 cpoccpopa 

cymecTBeHHO npesocxo.u11T 3anac 3THX 3JieMeHTOB B cp11T0Macce 3eMJIH. B TO 

:>Ke speMH .UJill 6aKTep11ì1 xapaKTepHbl KOpOTKHH )KH3HeHHblH UHKJI H BbICOKa51 

CKopocTh o6HOBJieHHll 6110Macch1. BCJie.UCTBHe 3Toro BKna.u apxeii 11 6aKTep11ì1 B 

cpyHKUHOHHpOBaHHe OCHOBHbIX 611oreoXHMHYeCKHX UHKJIOB rpaH.UH03eH. 

y 3YKapHOT B xo.ue 3BOJIIOUHH pa3BHJIHCb .usa cnoco6a cymecTBOBaHHll: 

xeMoopraHoreTepo-rpocp11H H cpOTOJIHTOaBTOTJ)OcpHll. )KHBOTHble H rp116bI nony

LJalOT 3Heprn!O B pe3yJihTaTe cy6cTparnoro H OKHCJIHTeJibHOro cpoccpopHJIHpO

BaHHll, a BbICWHe pacTeHHll - 3a CLJeT cpyHKUHOHHpOBaHHll scex MeXaHH3MOB 

cpoccpop11n11poBaHHll: cpOTOCHHTeTHYeCKOro, cy6cTpaTHOro H OKHCJIHTeJibHOro, 

np11LJeM .UOMHHHPYIOIUHM llBJI51lOTC51 cpoTOCHHTeTHLJeCKOe cpoccpop11n11poBaHHe 
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11 corrpmKeHHhlH e Hl1M cl>oTOJUfTOaBTOTpocl>Hh!H Tl1fl MeTa60Jil13Ma. Pea1<u1111, 
CBR3aHHhie e 3arpaToì1 :rnepr1111, pean113y10TCR qepe3 crreu11anhHhie Ma1<po3p
rnqec1<11e coe.u11tteH11R. Harrp11Mep, y 6a1<Tep11ì1 3TO HYKJie0311.UTp11cl>occl>aThI, 
au11nct>occl>aThI 11 au11nT1103c1>11pb1, cpe.u11 KOTOphIX .UJIR 3HepreT11qec1<oro MeTa-
60JI113Ma Ha116onee Ba)l(eH AT<l>. 

Ta1<11M o6pa30M, B rrpouecce 3BOJI10u1111 6J10cct>epb1 cct>opM11poBaJioch .usa 

OCHOBHhIX Tl1fla cl>oTOCl1HTe3a: 6ecxnopocl>HJihHhlH 11 xnopoc1>11J1hHhlH ct>oTOCl1HTe3, 
KOTOpblH BKJIJOqaeT aHOKC11reHHhlH cl>OTOCl1HTe3 ( ocymecrnAAeTCH rryprrypHb!Ml1 
11 3eJieHblMl1 6a1<Tep11RMl1, a TaK)l(e reJI11Ko6aKTep1rnM11) 11 OKC11reHHh!H Tl1fl 

Ta6111111.1a 5.7 

Ti.1nb1 «KOHCTPYKT"1BHoro» i.1 «3HepreTi.1YecKoro» MeTa6on"13Ma 
s npol..lecce ctiorn- i.1 xeMOC"1HTe3a s 6i.1occ)lepe 

HcTO'IHUKu .lJ:OHOpbl HcTO'IHHK OpraHU3Mhl no 
OpraHU3Mhl no 

CUCTeMaTU'leCKUM 
JHepruu JJJeKTpOHOB yrnepoJJ.a Tuny nuTaHuH 

npU3HaKaM 

MernH006pa3yio11111e 

HeopraH11- YrneK11c- XeMOJil1ToasTo-
apxe11, BOJ:lOPOJ:lHble, 

qecK11e CO- Jibitt ra3 TpOcjJhI 
H11Tp11cjJ11u11py!0U111e, 

ei:111HeHmi: Tl10HOBhie 6aKTep1111 11 

NH3, H2S, )!(eJie306aKTep1111 
0K11CJll1- H2, Fe2+ OpraH11-
TeJibHO- 11 np. XeMOJI11ToreTe- <I>aKyJihT3Tl1BHbie MeT11-

qecK11e CO-
pOTpOqJbl JIOTpOcjJbI BOCCTaHOBl1- ei:111HeHl1JI 

TeJihHhie pe-
oOJihllll1HCTBO np0Kap11-aKI.11111 YrneK11c- XeMoopraHoas-

OpraH11'Ie- JihJH ra3 TOTpOcjJhl 
OT, JyKap110Tbl : )!(11BOT-
Hhie, rp116bl, qeJIOBeK 

cKHe coen11-
OpraH11- M ernH006pa3yioll111e HeHl1JI XeMoopraHore-
qecKHe co-

TepOTpOcjJhJ 
apxe11 11 6aKTep1111, so-

ei:111HeH11n nopOJ:lHhie 6aKTep1111 

6aKTep1111 : u11aH06aKTe-

HeopraH11- YrneK11c- <I>oTOJil1TOaBTO- p1111, rryprrypHbie, 3ene-

qec1<11e co- Jihitt ra3 TpOcjJbI Hhie 6aKTep1111, JYKa-

ei:111HeH 11J1 : p110TbI: paCTeHl1JI 

H20, H2S, S OpraH11-
<l>OTOJil1TOreTe-

HeKoTOpb1e u11aH06aK-
11 np. qec1<11e co-

poTpocjJhI 
Tep1111, rrypnypHbie, 3e-

Cscr en11HeH11J1 neHb1e 6aKTep1111 

Yrne1<11c- <I>oToopraHoas- HeKOTOpb1e nypnypHbie 
Jihitt r a3 TOTpOcjJbI 11 3eneHb1e 6aKTep1111 

OpraH11'Ie-
fano6aKTep1111,HeK0To-c1<11e coen11- OpraHH-

HeHHJI qec1<11e 
<I>oToopraHore- pb1e u11aH06aKTep1111, 

Bell.leCTBa 
TepOTpOcjJhI nypnypHble 11 HeKOTO-

pb1e 3eneHbre 6aKTep1111 
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( ocymeCTBillleTCll pacTeHID!MH, u11aH06aKTepID1MH 11 npoXJiopoqmrnMH - 6aKTe

pID1MH, OTJIH'IalOll(HMHC.ll OT u11aH06a1<Tep11ì1 COCTaBOM <t>oTOCHHTeTW!eCKJ1X mir

MeHTOB - OTC)'TCTBHeM <!>11Ko6111111npoTeHHOB 11 HaJIH'rneM XJIOpoqmnna). Ilpe.n

IlOJIO:>fmTeJibHO OHM .llBJI.llJOTC.ll npe.nrnecTBeHHHKaMH 3)'KapHOTHhIX 3eJieHh!X so.no

pocneì1, a B03MO)f(HO, 11 XJioponnacTOB. B KatJeCTBe HTora np11Be,neHa Ta611. 5.7. 

5.1.2.2. <l>OTOCJrnTe3
1 

Tpa11crjJopMalJUR 311ep2uu 6 X!lopon!lacmax - 311ep20npeo6pa3yiouiux op-

2a11e!l;zax pacmumeJibHOÙ K!lemKu. 

06pa3yJOll(HeC.ll np11 <t>oTOCHHTe3e yrneBO,nhI (caxapa) HCilOJih3YJOTC.ll KaK 

HCTO'JHHK 3Hepr1111 11 CTpOHTeJihHhIH MaTep11a11 ,nJI.ll CHHTe3a pa3JII1'1Hh!X opra

HH'leCKHX coe,n11HeHHH y pacTeHHH 11 )f(J1BOTHhIX. y Bh!ClllHX pacTeHHH npo

ueCChl <PoToc11HTe3a npoTeKaJOT B xnoponnacTax - cneu11a1111311poBaHHhIX 

3Hepronpeo6pa3yJOll(HX opraHennax pacT11TeJihHOì1 KJieTKH (p11c. 5.5). 
Ilo.n ,nBOHHOH o6oJIOlJKOH xnoponnacrn, COCTO.llll(eì1 113 Hapyxrnoì1 11 BHYT

peHHeì1 MeM6patt, Haxo,n.l!TC.ll npOTl!)f(eHHhie MeM6paHHh1e crpyKTyphI, KOTOph1e 

o6pa3YJOT 3aMKHJ'Thie ny3hiphKH, HaJhrnaeMhie T1111aK011,naM11. MeM6paHhI T1111a

K011,noB COCTOllT 113 .nsyx CJIOeB MOJieKyJI JIHilH,nOB (xrnpono.no6Hh!X Bemecrn), 

B KOTOpb!e BKJIJO'leHhl MaKpOMOJieeyJI.llpHhie <t>oTOCHHTeTH'leCKHe 6eJIKOBhie KOM

nneKChl. B XJIOponnacTax Bh1crn11x pacTeHHH T11JiaK011,nh1 rpynn11pyJOTC.ll B rpaHhI, 

KOTOph!e npe,ncTaBJI.llJOT co6oì1 CTOilKH CilJIJOCHYThIX 11 TeCHO npH)f(aTh!X .npyr 

8HSWH!!JI 
M&MOpawa 

MellCM&MOpaHHO& 
npocrpaHCTSO 

P111c. 5.5. CrpoeHi-ie xnoponnacra 

1 Marep11anb1 11aCTOJ1IUero pa:i.uena mo6e:mo npe.uocraBJTe111>1 npocpeccopoM A. H. T11xo11oe1>1M [ 15). 
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K .upyry nrnaKOH.UOB, HMeJOI11HX <jlopMy .UHCKOB. TipO.UOJI)l(eHHeM OT,UeJibHh!X 

THJiaKOH.UOB rpaH llBJillJOTCll Bh!CTynaJ0111He 113 Hl1X Me)l(rpaHHhie Tl1JiaK011.Uh!. 

TipocTpaHCTBO Me)l(.l{y o6onoqKott xnoponnacTa 11 THJiaKor1.uaM11 HaJhIBaeTcll 

CTPOMOH. B CTPOMe co.uep)l(aTcll xnoponnacTHhre MOJieKyJihI PHK, .lJ:HK, pH60-

COMh1, KpaXMaJihHhie 3epHa, a TaK)l(e MHoro•rncneHHhie <PepMeHThI, BKJIJ01.Ja» Te, 

KOTOphie o6ecneqHsaJOT ycsoeHHe C02 pacTeH11l!M11. 

C6emo6b1e u meMH06ble cmaòuu rjJomocuHme3a . 
CornacHo cospeMeHHhIM npe.ucTasneHl1llM, <jloTOCHHTe3 npe.ucTasmeT co-

6oì1 pll.U <PoTo<P113HqecKHX 11 611oxHM11qecK11x npoueccos, B pe3yJihTaTe KOTOphIX 

pacTeHHll 3a cqeT :rneprnH COJIHel.JHOro CBeTa CHHTe3HPYJOT yrneBO.Uhl (caxapa). 

MHoroqHcJieHHhie CTa,UH11 <PoTOCHHTe3a np11Hl!TO pa3.UeJil!Th Ha .use 6onhume 

rpynnhI npoueccos - CBeTOBhie 11 TeMHOBh!e CTa,U11H <jloTOCHHTe3a. 

CseTOBhIMl1 cTa.UHllMH <jloTOCl1HTe3a npHHllTO Ha3hIBaTh cosoKynHOCTh 

npoueccos, B pe3yJihTaTe KOTOph!X 3a cqeT :rneprn11 CBeTa CHHTe311pyIOTCll MO

JieKyJihl a.ueH03HHTpH<jloc<jlaTa (ATP) H npo11cxo.u11T o6pa30BaH11e BOCCTaHOB

JieHHOro Hl1KOT11HaM11.ua.ueHHH.U11HyKneoT11.u <jloc<t>arn (N ADPH) - coe.UHHe

Hl1ll, 06na.uaJ0111ero Bh!COKl1M BOCCTaHOBl1TeJihHb!M TIOTeHuHaJIOM. MoneKyJihl 

ATP BhITIOJIHllJOT ponh yH11sepcanhttoro 11cToqtt11Ka 3HeprHH s KJieTKe. 3Hep

rnll MaKp03prnqeCKl1X (T. e. 6oraTh!X 3Heprneii) <jloc<jlaTHb!X CBl!3ett MOJieKyJihl 

ATP, KaK H3BeCTHO, 11cnoJih3yeTCll B 6oJihWl1HCTBe 611ox11M11qecK11x npouec

cos, TIOTPe6JillJOI1111X 3Hepr11JO. 

CBeTOBbJe npoueccb1 <jloToc11HTe3a npoTeKaJOT s T1111aK011.uax, MeM6paHhI 

KOTOphIX co.uep)l(aT OCHOBHbie KOMlIOHeHTbl <jlOTOCHHTeTHl.JeCKOro annapaTa 

pacTeHl1H - CBeTOC06HpaI0111He n11rMeHT-6eJIKOBbie H 3JieKrpOH-TpaHCTIOpT

Hh!e KOMnJieKCbI, a TaK)l(e ATPc11HTa3HhIH KOMITJieKc, KOTOphIH KaTaJIH311pyeT 

o6pa3oBaHHe ATP 113 a.ueH0311H.UH<jloc<jlarn (ADP) 11 HeopraH111.JeCKoro <jloc<jla

Ta (PJ (ADP + P;--+ ATP + H 20). TaK11M o6pa30M, B pe3yJibTaTe cBeTOBhIX 

cTa.u11ii <jloToc11HTe3a 3HeprHll cseTa, norno111aeMoro pacTeHl1llMl1, 3anacaeTcll 

B <jlopMe MaKpo3prnYecK11x x11M11qecK11x CBll3ett MoneKyrr ATP 11 c11JihHOro 

soccTaHOBHTeJIJI NADPH, KOTOphie 11cnoJih3YJOTCll .UJIJI Cl1HTe3a yrneso.uos B 

TaK Ha3bIBaeMh!X TeMHOBbIX CTa,Ul1llX <jloTOCl1HTe3a. 

TeMHOBbIM11 cTa.UHllMl1 <jloToc11HTe3a 06b1qHo HaJhIBaJOT coBoeynttocTb 

6HOXl1M11qeCKl1X peaKl]l1H, B pe3yJibTaTe KOTOpb!X npOHCXO.U11T ycsoeHHe pacTe

Hl1llMH aTMOC<jlepHOH yrneKHCJIOTbl (C02) 11 06pa30BaH11e yrneBO.UOB. ll,HKJI 

<<TeMHOBbIX» 6110XHMl1qecKl1X npespa111eH11ì1, np11BO.Ullll1HX K Cl1HTe3y opraH11qe

CKl1X coe.u11HeHHH 113 C02 11 BO.Uhi, no 11MeH11 asTopos, BHecw11x pewaJOll.IHH 

BKJiq.U B HCCJie.uosatt11e 3THX npoueccos, Ha3hIBaeTCll U11KJIOM KaJibBl1Ha

EeHCOHa. B orn11q11e oT 3JieKTpoHTpaHcnopTHbIX 11 ATPc11HTa3Horo KOMnJieKcos, 

KOTOphie HaXO,UllTCll B Tl1JiaK011.UHOH MeM6paHe, <jlepMeHThl, KaTaJil1311pyJ011111e 

«TeMHOBbJe» peaKu1111 <jloTOCl1HTe3a, pacrnopeHbI B CTPOMe. Tip11 pa3pyrneH1111 

o6onoqKH XIIOponnacTa 3Tl1 <jlepMeHTbl Bh!MbIBaJOTCll 113 CTpOMbl, B pe3yJibTaTe 

qero xnoponnacTbI TepllIOT cnoco6HocTb ycea11BaTh yrneKl1CJihIH raJ. 
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B pe3ynhTaTe npespameHHH pHJ.la opraHH'-leCKHX coe).lHHeHHH B UHKJJe 
KanhBHHa- EeHcoHa 113 Tpex MOJJeKyn C02 11 BOJ.lbI B xnoponnacTax 06pa3yeT
c51 MOJJeKyna rn1111epaJJb.llern).l-3-cj:>occpaTa, HMeIOll\ero XHMH'-lecKylO cj:>opMyny 
CHO-CHOH- CH20 - PO/- . flpw 3TOM s pac'-!eTe Ha O.llHY MoneKyny C02, 
BKJJ10'-la10ll\Y10C5! B rn11uepaJJb).lern).l-3 -cpoccpaT, pacxo).ly!OTCH TPH MoneKyJJhI ATP 
11 ).lBe MOJJeKyJJhI NADPH . 

.D:JUI CHHTe3a opraHH'-leCKHX COe).lHHeHHH B UHKJJe KaJJbBHHa-5eHCOHa 
HCnOJJb3yeTC51 :meprn51, Bbl).leJJ5llOll\a51C51 B XO).le peaKL(HH rH).lpOJJH3a MaKp03p
rn'-leCKHX cj:>occj:>aTHbIX CBH3eH MOJJeKyn ATP (peaKUHH ATP + H 20 --> ADP +Pi), 
11 c11JJhHhIH soccTaHoB11TeJJbHhIH n0Tettu11an MOJJeKyn NADPH. OcHOBHaH '-!aCTb 
o6pa3osaBIIIHXC51 s xnoponnacTe MOJJeKyJJ rn11uepanh).lertt.ll-3 -cpoccpaTa noCTy
naeT B UHT030JJb pacnneJJbHOH KJJeTK11, r).le npespamaeTcH so cj:>pyKTo3o-6-
cj:>occj:>aT 11 rJJIOK030-6-cj:>occj:>aT, KOTOpb!e B XO).le ).laJJbHeHIIIl1X npespameHl1H o6-
pa3yfOT caxapocj:>occj:>aT - npe).lIIIecrneHHl1K caxap03bI. Ifa ocTaBIIIl1XC51 B xno
ponnacTe MOJJeKyn rn11uepanh).lertt).l-3 -cpoccj:>aTa CHHTe311pyeTC5! KpaxMaJJ. 

flpeo6pasoem-me 3Hepzuu 6 cpomocuHmemutJecKux peaK14uoHHblX 14eHmpax. 

<1>oTOCl1HTeTH'-leCKHe 3Hepronpeo6pa3yroll\He KOMDJJeKCbl paCTeHHH, 80).lO
pocneii 11 cj:>orncttHTe311pyrom11x 6aKTep11i1 xopoIIIo tt3y'-leHbI. YcTaHOBJJeHbl x11-
M11'-!eCKHH COCTaB 11 npOCTPaHCTBeHHOe CTpOeH11e 3Hepronpeo6pa3yf0ll\HX 6en
K0Bh!X KOMnJJeKCOB, Bb!51CHeHa nocJJe).lOBaTeJJbHOCTb npoueccos TpattccpopMa
l..ll111 3Heprn11. HecMoTpH Ha pa3JJl1'-11151 s cocTase 11 MoneeynHpHOM CTPOeH1111 
cj:>oTOCHHTeT11'-!ecKoro annapaTa, cymecrnyroT o6nlHe 3aKOHOMepHOCTH npouec
cos TPaHccj:>opMaUHH 3Heprntt s cj:>ornpeaKUHOHHbIX ueHTpax scex cj:>oTOCHHTe-
311pyrom11x opraH113MOB. B cj:>oTOCHHTeTtt'-leCKHX c11cTeMax, KaK pacT11TeJJbHOro, 
TaK 11 6aKTepttanbHOro npo11cxO)J().leH115!, e).lHHbIM CTPYKTYPHO-cpyttKUHOHaJJb
HbIM 3BeHOM cj:>OTOCHHTeTH'-leCKOfO annapaTa .llBJJ51eTC51 cj:>OTOCHCTeMa, KOTOpa51 
BKJJIO'-!aeT B ce651 CBeToco611paromy10 aHTeHHy, cj:>OTOXHMWleCKHH peaKUHOHHb!H 
ueHTp H CB513aHHhie e Hl1M MOJJeKyJJbI - nepeHOC'-IHKH 3JJeKTPOHa. 

PaccMOTp11M CHa'-!ana 06m11e np11H1111nh1 npespamett115! 3Hepr1111 conHe'-1-
Horo CBeTa, xapaKTepHbie ).lJU! scex cj:>OTOCHHTeTH'-leCKHX CHCTeM, a 3aTeM 6onee 
).leTaJJbHO np011JJJlfOCTPHPYeM HX Ha rrpttMepe cj:>yttKl..lHOHHpOBaHH51 cj:>oTopeaK-
1..lHOHHhIX ueHTpos 11 uerm 3JJeKTpOHHoro TPaHcnopTa xnoponnacTOB BbICIIIHX 
paCTeHHH. 

Ceemoco6upa10uiaR aHmeHHa (no211ouieHue ceema, jWuzpai1uR :JHepzuu K 

peaK14UOHHOMY 14eHmpy) . 

CaMhIM rrepsbIM 3JJeMeHTapHblM aKTOM cj:>oTOCHHTe3a HBJJHeTCH rrornometttte 
CBeTa MOJJeKyJJaMH xnopocpHJJJJa HJJH BCITOMOraTeJJbHblX m-rrMeHTOB, BXO}.l.llll\HX B 
COCTaB crreL(HaJJbHOfO rr11rMeHT-6eJJKOBOro KOMITJJeKCa, Ha3bIBaeMoro CBeTOC0-
611pa10ll\eH aHTeHHOH. Csernco611pa10ll\a5! aHTeHHa npe).lCTaBJJHeT co6oi1 MaKpo
MOJJeKyJUipHbIH KOMITJJeKC, rrpe).lHa3Ha'-!eHHb!H ).lJJ51 3cj:>cj:>eKTHBHOro ynaBJJl1BaHH.ll 
CBeTa. B xnoporrnacrnx aHTeHHblH KOMITJJeKC CO).lep)J(HT 60JJbIIIOe '-IHCJJO (J.lO He-
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CKOJibKHX COTeH) MOJieKyJI xnopoqJttJIJia H HeKOTOpoe KOJittt-leCTBO BCOOMOraTeJib

HblX rrnrMeHTOB (KapOTHHOH.!lOB), rrp04HO CB5!3aHHb!X e 6eJIKOM. 

Ha 5!pKoM conHelfHOM csery OT.UeJibHa5! MOJieKyna XIIopoqJttnna rrornomaeT 

KBaHTbl cseTa cpasHHTeJihHO pe.uKo, s cpe.uHeM He 'lame, lfeM I O pa3 s ceKyH.uy. 

0.uHaKO, flOCKOJibKY Ha O.UHH cjJOTOpeaKUHOHHb!H ueHTp rrpttXO.UHTC5! 6oJibWOe 

KOJI!14eCTBO MOJieKyJI xnopocjJttJIJia (200-400), TO .na)j(e rrptt OTHOCHTeJibHO CJia-

6oii HHTeHCHBHOCTH CBeTa, rra.uaJOmero Ha JIHCT B ycJIOBH5!X 3aTeHeH!15! pacTe

HH5!, rrpottCXO.!lHT .!lOCTaT04HO lfaCTOe cpa6aTbJBaHHe peaKUHOHHOro ueHTpa. 

AHcaM6Jib nttrMeHTOB, rrornoma10m11x cseT, oo CYTH nena BbIOOJIH5!eT ponb aH

TeHHhI, KOTOpa5! 3a ClfeT CBOHX .UOCTaT04HO 60J1billl1X pa3Mepos 3cpcpeKT!1BHO 

ynasnttsaeT COJIHe4HblH CBeT H HarrpaBJI5!eT ero 3Heprmo K peaKUHOHHOMY ueH

Tpy. TeHemo611sbre pacTeHtt5! 11Me10T, KaK rrpas11no, 6onbwttii pa3Mep cseToco-

611pa10meii aHTeHHbl no cpasHeHHIO e pacTeHH5!Mtt, rrpo113pacTa10IUHM11 s ycno

BH5!X Bb!COKOH ocsemeHHOCTH. 

y pacTeHHH OCHOBHblMH CBeTOco611pa10IUHMH ITHrMeHTaMH CJiy)!(aT MOJie

KYJlbl xnopocp11nna a 11 xnopocp11nna b, oornoma10m11e BH.!lttMhIH cseT e .un11Hoii 

BOJIHbl il :'S 700-730 HM. Jfaon11posaHHble MOJieKyJihl xnopocjJHJlJla flOfJIOLUalOT 

cseT JIHWh s .usyx cpasHttTeJibHO Y3Kttx rronocax conHelfHOro cneKTPa: rrp11 

.!lJIHHax BOJIH 660- 680 HM (KpaCHblH CBeT) H 430-450 HM (YJibTpacp110JieTOBblH 

CBeT), '-ITO, pa3yMeeTC5!, orpaHH4HBaeT 3cpcjJeKTHBHOCTb HCITOJlb30BaHH5! scero 

crreKTpa conHelfHOro cseTa, rra.uaJOmero Ha 3eneHbIH JIHCT. 

0JmaKo cneKTpanbHbIH cocTas csern, nornomaeMoro cseToco611pa10meii 

aHTeHHOH, B .ueiicTBHTeJibHOCTH 3Ha4ttTeJibHO urnpe. 06b5!CH5!eTC5! 3TO TeM, 

4TO crreKTp nornomeHH5! arperttposaHHbIX cpopM xnopocp11nna, BXO.!l5!1UHX B co

cTas CBeToco611pa10meii aHTeHHbl, C.UBHraeTC5! B CTOpOHY 60JibWHX .!lJ111H BOJIH. 

KpoMe 3Toro, Hap5!.UY e XJiopocjJ11nnoM s csernco611pa10my10 aHTeHHY BXO.!l5!T 

BCITOMOraTeJibHble nHrMeHTbl, KOTOpb!e yseJIH4HBaJOT 3cpcjleKTHBHOCTb CBeTO

c6opa 3a ClfeT Toro, 4TO OHH flOfJIOLUaIOT CBeT B Tex o6JiaCT5!X crreKTpa, B KOTO

pb!X cpaBHHTeJibHO cna6o rrornomaJOT cseT MOJieKyJlbI xnopocp11nna - ocHoB

Horo rrttrMeHTa CBeToco611pa10meii aHTeHHbl. y pacTeHHH BCITOMOraTeJihHblMH 

rrttrMeHTaMH 5!BJ15!IOTC5! KapOTHHOH.!lbl, rrornoma10m11e cseT B o6naCTH .UJIHH 

BOJIH il~ 450-480 HM; B KJieTKax cjJOTOCHHTe311py10IUl1X so.uopocneii 3TO Kpac

Hble H CHHHe rrttrMeHTbJ: cjJHK03pttTpttHbl y KpaCHblX so.uopocneii (il ~ 495-
565 HM) 11 cjJHKOUHaHHHbl y CHHe3eJieHb!X so.uopocneii (À ~ 550- 615 HM). 

TiornomeHHe KBaHTa CBeTa MOJieKyJIOH XJIOpOcjJHJIJia (Chi) HJIH BCITOMOra

TeJibHOro n11rMeHTa np11so.u11T K ee s036y)!(.!leHttJO (nepexo.u 3JieKTpoHa Ha 60-

nee Bb!COKHH 3HepreTH4eCKHH yposeHb): 

Chi + hv --> Chi°. (5.1) 

3Heprtt5! so36y)j(.ueHHOì1 MOJieKyJihl XIIopocjJ11nna Chi* nepe.uaeTc5! coce.u

HHM ITHrMeHTaM, KOTOpble, B CBOIO 04epe.Ub, MOryT nepe.uaTb ee .upyrttM MOJie

KyJiaM cseToco611pa10meii aHTeHHhI: 

Chi•+ Chi--> Chi+ Chi·. (5 .2) 
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3Hepnrn B036y)l(,llemrn MO)l(eT, TaKIIM o6pa30M, MIIrpIIpOBaTb rro rrIIr

MeHTHOH MaTPIIU:e ,llO Tex rrop, ITOKa B036y)i(.ueHIIe B KOHeLJHOM IITOre He rrorra

.ueT Ha <t>ornpeaKU:IIOHHblH u:eHTP p (pIIC. 5.6): 

Chi•+ P--> Chi + P·. (5 .3) 

3aMeTIIM, lJTO xapaKTepHbie BpeMeHa )l(II3HII B036y)l(,UeHHblX COCTOl!HIIH 

MOJieKYJI XIIOpO<i:>IIJIJia II .upyrIIX ITIIrMeHTOB OLJeHb MaJibl, r;:::: 10- 10- 10-9 
c. Tio-

3TOMY cymeCTsyeT orrpe,lleJieHHal! sepOl!THOCTb Toro, lJTO Ha nyTII K peaKU:H

OHHOMY u:eHTPY p 3HeprIIll TaKIIX KOpOTKO)l(IIBYIIJIIX B036y)l(.[{eHHbIX COCTOllHIIH 

rrIIrMeHTOB MO)l(eT 6ecrroJie3HO rroTepl!TbCll - paccel!TbCll B TeITJIO IIJIII BbI,Ue

JIIITbCll B BII.Ue KBaHTa cseTa (llBJieHHe <l:>nyopecu:eHU:IIII). B .ueiicTBIITeJibHOCTII, 

0,UHaKO, ::i<t><t>eKTHBHOCTb MIIrpaU:IIII 3HeprHII K <t>oTOCIIHTeTIILJeCKOMY peaKU:II

OHHOMY u:eHTPY OLJeHb BeJIHKa. B TOM CJIYLJae Kor.ua peaKU:IIOHHbIH u:eHTp Ha

XO,LlHTCll B aKTIIBHOM COCTOl!HIIII, sepOl!THOCTb ITOTepII 3HeprIIII COCTaBJil!eT, 

KaK rrpaBIIJio, He 6oJiee I 0- 15 %. TaKal! BbJCOKall ::i<t><t>eKTIIBHOCTb IIcrroJib30Ba

HIIll 3HeprHII COJIHeLJHOro CBeTa o6ycJIOBJieHa TeM, lJTO CBeTOC06HpalOIIJ3Jl aH

TeHHa npe.ucrnBJil!eT co6oii BbICOKoynopJl.UO'-!eHHYIO cTpyKTypy, 06ecrre'-!II

sa10my10 OLJeHb xopowee B3aIIMo.ueì1crnIIe rrIIrMeHTOB .upyr c .upyroM. oJiaro

.uapJl 3TOMY .UOCTIIraeTCll BbICOKal! CKOpOCTb rrepeHOCa 3HeprIIII B036~.ueHIIll 

oT MOJieKyn, nornomaIOIIJIIX cseT, K <t>oTopeaKU:IIOHHOMY u:ettTpy. Cpe.uHee 

speMl! «nepeCKOKa» 3HeprIIH B036y)l(,LleHHJl OT O,UHOro rrHrMeHTa K .upyroMy, 

KaK rrpaBIIJIO, COCTaBJil!eT r;:::: 10- 12-10- 11 
c. 06mee speMJl MHrpaU:HH B036y)i(

,LleHHJl K peaKU:HOHHOMY u:eHTPY o6bILJHO He rrpeBbIWaeT 10- 10-10-9 
c. 

<PomOXUMU'leCKUÌI peaK1.f.UOHHblU ljeHmp (nepeHOC 3JleKmpoHa, cma6u!IU-

3QljUJl pa3Òe.JleHHblX 3ap5lÒ08). 

CospeMeHHbIM rrpe.ucTaBJieHHJlM o CTpoeHHH peaKU:IIOHHOro u:eHTpa H Me

xaHmMax nepBII'-!HbIX CTa,LlHH <t>oTOCHHTe3a rrpe.uwecTBOBaJIII pa6oTbI A. A. Kpac

HOBCKoro, OTKpbIBWero, '-!TO B rrpHCYTCTBHII ,LlOHOpOB H aKu:errTopOB 3JieKTPOHa 

B036y)l(,UeHHbie CBeTOM MOJieKYJibl XIIOpo<t>IIJIJia crroco6Hbl o6paTHMO BOCCTaHaBJIH

BaTbCJl (npIIHHMaTb JJieKTPOH) H OKHCJil!ThCll (oT.uasaTb JJieKTPOH). BrroCJie.UCTBIIH 

y ·pacTeHIIì1, so.uopocJieì1 II <t>oTOCHHTe3IIPYIOIIJHX 6aKTepHì1 KoKOM, BHTTOM H 

lJ.10ii3eHCOM 6bJJIH o6Hap~eHhl oco6b1e nHrMeHTbI xnopo<i:>IIJIJIOBOH rrpHpO,Llbl, 

Ha3BaHHbJe peaKU:IIOHHbIMH u:eHTP3MH, KOTOpbie OKHCmlOTCll npII .ueì1CTBHH CBeTa 

II JlBmlOTCll no CYTII .uena rrepBH'-!HbIMII .uottopaMH 3JieKTPOHa rrpH <t>oTOCHHTe3e. 

<l>oTOXHMHlJeCKHH peaKU:HOHHbIH u:eHTp p rrpe,LlCTaBJIJleT co6oii oco6y10 

napy (.UHMep) MOJieKyJI xnopo<i:>IIJIJia, KOTOpbie BblITOJIHl!IOT ponh JIOByrnKII 

3HeprHH B036y)l(,UeHIIll, 6Jiy)l(,Ll310ll(ero no IlIIrMeHTHOH MaTpHu:e CBeTOC06II

pa10meì1 aHTeHHbl (CM . pHC. 5.6). Tio.uo6HO TOMY KaK )l(H,LlKOCTb CTeKaeT CO 

CTeHOK WHpOKOH BOpOHKH K ee Y3KOMY ropJiblIIIKY, K peaKU:HOHHOMY u:eHTPY 

HarrpaBJil!eTCll 3HeprHll CBeTa, rrornomaeMoro BCeMII rrHrMeHT3MH CBeTOC06H

pa10meì1 aHTeHHbI. Bo36~.ueHHe peaKU:IIOHHoro u:eHTpa HHIIU:IIIIpyeT u:enb 

.UaJihHeiiwHx npespameHIIH JHeprnH csern rrpH <t>orncIIHTe3e. 
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Cser 
Cseroco611pa10ll.1He n11rMeHTb1 

AoHop :meKrpoHa p AKu,enrop 3neKTpoHa 

<PoropeaKU,HOHHblìii u.eHTP 

P11c. 5.6. CxeMa Mi-1rpa41-11-1 aHepri-11-1 0006~eH1-1>1 no ni-1rMeHTHOIÌÌ Marpi-14e cse
rnco61-1pa10U1eC1 aHTeHHbl K <PornpeaK41-10HHOMY 4eHrpy P (Ai-!Mep xnopocf)i-1Jrna). 
MoneKyna O - nep01-1YHb1C1 AOHOP aneKrpoHa AnH oK111cneHHoro 4eHrpa p•; MO
neKyna A - nep01-1YHbllÌÌ aK4enrnp, npi-1Hi-1Mat0LL1"1IÌÌ aneKrpoH or 0036y>K.QeHHoro 

cf)ornpeaK41-10HHOro 4eHrpa p" 
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P11c. 5.7. CxeMa aHeprernYecK1-1x yposHelÌÌ <Pornci-1creMbl np111 pa3nlilYHblX cocro>1-
H111>1x peaK4lilOHHOro 4eHrpa (P), nepBlllYHOro AOHopa aneKTpoHa (D), nepBlllYHOro (A) 
lii BTOplilYHOro (B) aK4enrnpoB aneKTpOHa. BHlll3Y - cxeMa pa3AeneHl!lfl 38PHAOB 

B MeM6paHe, Bbl3BaHHOro cPOTOB036y>K,QeHllleM peaK41110HHOro 4eHTpa 
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ITocnenosaTeJibHOCTh rrpoueccos, rrpo11cxomim11x nocne B036y»<neHl151 
peaKU110HHOro ueHTpa P, 11 n11arpaMMa cooTBeTCTBYIOI1111x 113MeHeH11ì1 3Heprn11 
cpoToc11cTeMbI cxeMaT11qecK11 11306pa)f(eHbI Ha p11c. 5.7. Hap51_ny e n11MepoM 
xnopocjmnna p B cpOTOCl1HTeT11qecKl1H KOMITJieKC BXOWIT MOJJeKyJibl nepB11qHo
ro 11 sTop11qHoro aKuernopos 3JieKTpoHa, KOTOpble MhI ycnosHo o6o3Haq11M 
c11MBOJJaM11 A 11 B, a TaK>Ke rreps11qHhIH ,noHop 3JJeKTpoHa - MOJJeKyJJa D . 
8036y)f(_neHHblH peaKU110HHb!H ueHTp p * o6JJa,naeT Hl13Kl1M cpo,nCTBOM K 3JieK
TpoHy, 11 I103TOMY OH e nerKOCThlO OT,naeT ero HaxomimeMyC51 p51,nOM e Hl1M 
rreps11qH0My aKuerrrnpy 3JJeKTpoHa A: 

D(P.A)B---> D(P+A -)B . (5.4) 

TaK11M o6pa30M, s pe3yJihTaTe oqeHb 6bICTporo (r ::::: 10-12 e) rrepeHoca 
3JieKTpOHa OT p* K A pean113yeTC5! BTOpOH np11HU11IIl1aJJhHO Ba)f(HhlH 3Tan npe
o6pa30BaHl151 COJJHeqHQH 3Heprn11 np11 cpOTOCl1HTe3e - pa3_neneH11e 3ap51,nOB B 
peaKU110HHOM ueHTPe. ITp11 3TOM o6pa3yJOTC51 c11JJbHhIH soccTaHoB11TeJJh A 
(noHop 3JieKTPOHa) 11 Cl1JJhHhlH OKl1CJJl1TeJJb p+ (aKuerrrnp 3JieKTpOHa). 

MoJJeKyJihI p+ 11 A - pacnoJIO)f(eHhI B MeM6paHe ac11MMeTp11qHo: B xnoponna

cTax peaKUHOHHhlH ueHTP p+ Haxon11TC5I 6Jil1)f(e K rrosepXHOCTl1 MeM6paHhl, 06-
pameHHOH BHYTPh nrnaK011na, a aK:UerrTop A - pacnoJJO)f(eH 6J111)f(e K BHeumeì1 
crnpoHe. ITo3TOMY B pe3yJihTaTe cporn11Hnyu11poBaHHOro pa3,neneH1151 3ap51_nos Ha 
MeM6paHe B03H11KaeT pa3HOCTh 3JJeKTP11qecK11x noTeHu11anos !::.rp > O. HHnyu11po
saHHOe CBeTOM pa3,neneH11e 3apHnos B peaKu110HHOM ueHTPe nono6Ho reHepau1111 
pa3HOCTl1 3JJeKTP11qecK11x noTeHu11anos s 06h1qHoM cpoT03JieMeHTe. Cne,nyeT, on
HaKo, rro_nqepKHYTh, qTo B OTJI11q11e OT scex 113BeCTHb!X 11 w11poKO HCIIOJib3YeMblX 
B TeXH11Ke cpornnpeo6pa30BaTeJieì1 3Heprn11 3cpcpeKTl1BHOCTb pa60Tbl cpOTOCl1HTe
Tl1qecKl1X peaKU110HHhIX ueHTPOB oqeHb BhICOKa. KTI.IJ: pa3,neneH1151 3ap51_nos s aK
THBHhIX cpOTOCl1HTeT11qecKHx peaKUHOHHbIX ueHTpax, KaK npaBHJIO, npeBbIWaeT 
90-95 % (y JJyqw11x o6pa3UOB cpoT03JJeMeHTOB KII.IJ: < 30 %). 

3a cqeT KaKl1X MexaHl13MOB 06ecneq11saeTC5! CTOJJb Bb!COKa51 3cpcpeKTl1B
HOCTb rrpeo6pa30BaH1151 3Hepr1111 B peaKU110HHbIX ueHTpax? f1oqeMy 3JJeKTPOH, 
nepeHeceHHhIH Ha aKuerrTop A , He so3BpamaeTC51 o6paTHO K rrOJIO)f(l1TeJJbHO 
3a.p51)f(eHHOMY OK11cneHHOMy ueHTpy P+? CTa611n113au1151 pa3_neneHHh1x 3ap51_nos 

06ecrreq11saeTC5I rnaBHhIM o6pa30M 3a cqeT BTop11qHhIX npoueccoB 3JieKTpoH
Horo TPaHcnopTa, cJJe,nyiom11x 3a rrepeHOCOM 3JieKTpoHa OT p* K A. OT soccTa
HOBJieHHOro rreps11qHoro aKuenTopa A - 3JJeKTPOH oqeHh 6hICTpo (xapaKTepHoe 
speM51 3Toro rrpouecca 06h1qHo He npesocxon11T 10- 10- 10-9 e) yxo,n11T Ha BTO
p11qHhIH aKuemop 3JieKTPOHa B : D(P+ A -)B---> D(P+ A)B- . 

IIp11 3TOM rrpo11cxo,n11T He TOJJhKO ynanett11e 3JJeKTPOHa OT IJOJIO)f(HTeJibHO 
3apR>KeHHOro peaK:UHOHHOro ueHTpa p+, HO 11 3aMeTHO CHH)f(aeTC51 3HeprH51 BCeH 
Cl1CTeMbl (p11c. 5.8). 3TO 03HaqaeT, qro nJI51 nepeHOCa 3JieKTPOHa B o6paTHOM Ha
rrpasneHHH (rrepexon s - ---> A) eMy noTPe6yeTc51 rrpeo,noJJeTh nocrnrnqHo Bhrco
KHH 3HeprernqecKHì1 6aphep !::.E ::::: 0,3--0,4 38, rne !::.E - pa3HOCTh 3HepreT11qe

CKHX ypOBHeH nJI5I nsyx COCT051Hl1H CHCTeMbl, rrp11 KOTOpb!X 3JJeKTPOH Haxo,nHTC51, 
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cooTBeTCTBeHHO, Ha rrepeHOC4ttKe A mrn B. Ilo 3Toii rrptt4ttHe )lJrn B03Bpamettmr 

3J1eKTpOHa Ha3a)l, OT BOCCTaHOBJ1eHHOH MOJ1eK)'J1hl B - K OKJ1CJ1eHHOH MOneryne A, 

eMy rroTpe6osanoch 6h1 ropa3!lO 6onhwe speMeHtt, qeM .llllil rrpllMOro rrepexo.ua 

A - ---> B . 11HhIMH cnosaM11, B rrpl!MOM HarrpasneH11H :lJieKTpOH rrepeHoc11Tcl! ro

pa3)lO 6hICTpee, qeM B o6paTHOM. IlmToMy rrocne rrepeHoca ::lJieKTpoHa Ha BTO

p114HhIH aKuerrTop B cywecrneHHO YMeHhwaeTCll sepol!THOCTh ero B03BpameHttll 

Ha3a.ll 11 peKOMfornau11H e ITOJ10)!(J1TeJihHO 3apl!)!(eHHOH «.llhlpKOH» p +_ 

BTOphIM <PaKTopoM, crroco6cTBYJOlllHM cTa611nn3au11H pa3neneHHhIX 3a

pll!lOB, CJIY)!(HT 6hICTpal! HeiiTpan113al.(11l! OKl1CJ1eHHOro <PoTopeaKUHOHHOro 

ueHTpa p + 3a C4eT 3J1eKTpOHa, ITOCTyrra10mero K p + OT )lOHOpa ::ineKTpOHa D : 

D(P+A)W---> D +(PA)B- . (5.5) 

IlonyqHB 3J1eKTpOH OT MOJieKynhI )lOHOpa D 11 septtyBWHCh B CBOe HCXO)l

HOe BOCCTaHOBJieHHOe COCTOllHl1e P, peaKUHOHHhIH ueHTp y)!(e He 6y.ueT B co 

CTOllH11H rrpHHl!Th 31IeKTpOH OT BOCCTaHOBJ1eHHhlX aKuerrTOpOB, 0.llHaKO Terreph 

OH rDTOB K ITOBTOpHOMY cpa6aThIBaHHJO - OT)laTh 3J1eKTpOH HaXO)l5!UleMyC5! 

p5!!lOM e HHM OKHCJieHHOMY nepBH4HOMY aKuenTopy A . TaKosa rrocne.uosa

TenhHOCTh co6hITHH, npo11CXO.ll5!IUHX B <PoTopeaKI.(HOHHhIX ueHTpaX Bcex <Po

TOCHHTe3ttpy!OUlHX CHCTeM. 

l(enb :J!leKmpOHHOZO mpmtcnopma X!IOponJ1acmo6. 

B xnoponnacTax BhICWHX pacTeH11ii HMeJOTCll nse <PoTOCHCTeMhI: <PoTOCHC

TeMa I (<l>Cl) H <PorncttcTeMa 2 (<l>C2), pa3n11qa10mttec51 no cocrnsy 6enKOB, 

nttrMeHTOB tt onTwrecKHM csoiicTBaM. Csernco611pa10mall aHTeHHa <l>Cl norno

maeT CBeT e )lJ111HOH BOJ1Hhl }, :s 700-730 HM, a <l>C2 - CBeT e À :s 680- 700 HM. 

11H!lYUHpOBaHHOe CBeTOM OKl1CJ1eHHe peaKUHOHHhIX ueHTpOB <l>Cl H <l>C2 co

npOBO)!()laeTCll HX o6ecuse4HBaHHeM, KOTOpoe xapaKTeptt3yeTCll H3MeHeHJ1llMH 

HX cneKTpOB nornomeHHll np11 À;:::: 700 H 680 HM. B COOTBeTCTBHl1 e HX OITTH

qecKHMH xapaKTepHCTHKaMH peaKUHOHHhie ueHTph1 <l>C I H <l>C2 nonyq11nH 

Ha3BaHtte P 100 11 P680· 
):{se <PoTOCHCTeMhl CBl!3aHhl Me)!(.uy co6oii rrocpenCTBOM uerr11 3J1eKTpOH

HhIX nepeHOC411KOB (pHC. 5.8). <l>C2 l!BJ15!eTCll HCT04HHKOM 3J1eKTpOHOB .llJi ll 

<l>C I. 11HHUHHpyeMoe CBeTOM pa3.ueneHtte 3apll!l0B B <PornpeaKUHOHHhIX ueH

Tpax P 700 11 P 680 o6ecneqttsaeT nepettoc ::ineKTpotta OT BO.llhI, pa3naraeMoii B 

<l>C2, K KOHe4HOM Y aKueITTopy ::ineKTpOHa - MoneKyne NADP+. U:enh ::ineK

TpOHHoro TpaHcrroprn (U:3T), coenttH5!JOUla5! nse <PoTOCHCTeMhI, B Kaqecrne 

nepeHOC4HKOB 3J1eKTpOHa BKJIJOqaeT B ce6ll MOJ1eK)'J1hl nnaCTOXHHOHa, OT)leJihHhIH 

3J1eKTpOHTpaHcnopTHhIH 6eJIKOBhIH KOMITJieKC (TaK Ha3hIBaeMhIH b/f-KOMrrneKC) 

H sonopacrnopHMhIH 6enoK nnacrnu11aHHH (P 0) . 

B <l>C2 OT B036y)!()leHHOro ueHTpa p* 680 ::ineKTpOH nepeHOCHTCll CHaqan a 

Ha rrepBH4HbIH aKuerrrnp (Phe), a 3aTeM Ha MOJ1eKyny nnaCTOXHHOHa QA, 

np04HO CB5!3aHHYJO e O)lHHM H3 6en KOB <l>C2 : 

Y(P'6soPhe)QAQs---> Y(P\ soPhe-)QAQB ---> Y(P\soPhe)QA-Qs. (5.6) 



H• 

~op• -NAOPH 

d>OTOC~CTeMa 2 - b/f-KOMOJleKC - d>OTOC~CTeMa 1 

P1-1c. 5.8. Pacnono>1<eH1-1e 3neKTpoHrpaHcnopTHblX KOMnneKcos (<l>C1 , <t>C2 1-1 b/f-KoMnneKc) 1-1 1-1x s3a1<1MOAeillcrn1-1e s rnnaK01<1gHoill 
MeM6paHe. B COCTaB cpOTOC"1CTeMbl 2 (<l>C2) BXOAHT: cporopeaKL1"10HHblill 1..1eHTp Peso. nepB"1YHblil! aK1..1emop - cpeocp1<1rnH (Phe), 
BTOp"1YHble aK1..1emopbl - MOJ1eKynbl nnacTOX"1HOHa (QA "1 Os) "1 BOAOpaCll.lenm:uoll.1"1111 KOMnneKC. B COCTaB cpOTOC"1CTeMbl 1 (<t>C1) 
BXOA~n: nepB"1YHblill aK1..1emop 3neKrpoHa - MoneKyna xnopocp1-1nna a (Ao), srnp1-1YHb1e aK1..1enrnpb1 - MoneKyna cp1-1n11ox1-1H0Ha (A1) 
1-1 rp1-1 nepeHOCY"1Ka 6enKosoill np1-1pOAbl (cpeppegoKC"1Hbl Fx, FA, F6 ), y KOTOpblX s aKrnBHOM 1..1eHrpe HaxogmcH aTOMbl >1<ene3a 1-1 ce
pbl . B nepeHoce 3neKTpoHa or aK1..1emopos cl>C1 K NADP+ yYacrnyJOT pacrnopeHHblill s crpoMe 6enoK cpeppeAOKC"1H (Fd) 1-1 CBHJaH
Hblill e MeM6paHoill cne1..11-1anbHblill 3neKTpOHTpaHcnopTHbli11 KOMnneKC - cpeppeAOKC"1H-NADP-peAYKTa3a (FNR), cpyHKL.1"10H"1PYIOll.l"1e 
Ha sHewHeill crnpoHe rnnaK0"1AHOill MeM6paHbl. np1-1 soccraHosneH"1"1 ogHoill MoneKynb1 NADP+ AO, NADPH Ha Hee nepeHOCHTCH 

ABa 3neKTPOHa "1 OA"1H "10H BOAOPOAa. KOTOPblill JaXBaTblBaeTCH "13 CTPOMbl 
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3aTeM ::meKTpOH nepeHOCHTC.ll Ha BTopy!O MOJieKyny nnacTOXliHOHa Qs, a 

P 680 non)"IaeT JJieKrpOH OT nepswrnoro .noHopa JJieKTpoHa Y : 

Y(P+68oPhe)QA- Qs---+ Y +(P68oPhe)QAQs- . (5.7) 

MoneKyna nnacTOXliHOHa, XliMlf'·leCKa.ll qiopMyJia KOTopofi li ee pacnoJio

)l(eHlie B 61iCJIOHHOH Jiliilli.[IHOH MeM6paHe noKa'.3aHhl Ha pliC. 5.9, cnoco6Ha 

npliHHTh .nsa JJieKTpoHa. IIocJie .nsyKpaTHoro cpa6aTbIBaHliH peaKUliOHHoro 

ueHrpa <l>C2 MOJieKyJia IlJiaCTOXliHOHa Qs IlOJIY'lliT .nsa 3JieKTpOHa: 

Qs + 2e- ---+ Qs2- . (5.8) 

Orp11uaTeJihHO 3apH)l(eHHaH MOJieKyna Q 8 
2
- o6Jia,naer. BhICOKliM cpo.ncTBOM 

K liOHaM so.nopo.na, KOTOpb!e OHa 3axsaTbJBaeT lf3 CTpOMaJihHOro npocTpaHCTBa. 

IIocJie npoTOHliposaHliH soccTaHOBJieHHoro nJiacTOXHHOHa Q 8
2- (Q8

2- + 2H+ ---+ 

- QH2) o6pa3yeTCH 3JieKrp!ftjeCKH HefirpaJibHM <tiopMa 3TOH MOJieK)'Jibl QH2, KO

TOpaH Ha3bJBaeTCH nJiaCTOXliHOJIOM (pliC. 5.9). IlJiaCTOXHHOJI Bh!IlOJIHHeT pOJib no.n

Bli)l(HQfO nepeHOC'lliKa .nsyx JJieKrpOHOB li .nsyx npOTOHOS: IlOKHHYB <l>C2, MOJie

KYJia QH2 MO)l(eT JierKo nepeMemaTucH BHYTPli rnnaKOH.nHOH MeM6paHbI, o6ecne

'lliBM CBH3b <l>C2 e .npymMli 3JieKrpOHrpaHcnopTHb!MH KOMilJleKcaMH. 

0KHCJieHHb!H peaKUHOHHblH ueHTp <l>C2 p 680 o6na.naeT HCKJIIO'IHTeJibHO 

Bh!COKHM cpo,nCTBOM K JJieKTpOHy, T. e. HBJIHeTCH OtieHb CHJihHb!M OKliCJIHTe

JieM. Enaro.napH 3TOMY B <l>C2 npOHCXO,llliT pa3JIQ)l(eHHe BO.[lhl - XHMH'leCKH 

ycTofiq11soro coe.n11HeH11H. Bxo.nHIUHfi B cocrns <l>C2 so.nopacmenJIHIOIUHH 

H 

~ - ~ u +2H~ ~lo n 

o o 
H 

2H+ 

rr:<>9rrrrrrrrrr11rr1 

ll~~ll~lllllllllll 
2W 

PHc. 5.9. 0Ki-icmnenbHO-soccraHOBl'1TenbHble npespa11.1eH"1H nnacrnxi-iHoHa 
i-i npeAnonaraeMaH cxeMa ero pacnono>KeHi-iH B MeM6paHe 
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KOMrIJieKC (BPK) co.uep:>I<HT B CBOeM aKTHBHOM ueHTpe rpynny HOHOB MapraH

ua (Mn
2
+), KOTOphle CJiy)KaT .UOHopaMH 3JieKTpOHa .UJI51 p680· 0T.uasa51 3JieKTpo

Hhl OKHCJieHHOMY peaKl(HOHHOMY ueHTpy, HOHhl Maprattua CTaHOB5ITC51 «H3KO

IlHTeJ151MH» nOJIO)KHTeJihHhlX 3ap51.UOB, KOTOph!e Henocpe.UCTBeHHO j"-laCTBYIOT B 

peaKl(Hl1 oK11cneHH5I BO.Uhi. B pe3ynhTaTe nocne.uosaTeJlhHOro 1.feThrpexKpaTHO

ro cpa6aTh!BaHH51 peaKu110HHoro ueHTpa P 680 s Mn-co.uep)Kall]eM aKT11BHOM 

ueHTpe BPK HaKammsa10TC5I '-leTh1pe c11nhHhIX oK11cn11TeJlhHh1x 3KBHBaneHTa 

(HJ111 1.feThipe «,llhlpK11») B tPOpMe OK11CJieHHh!X 110HOB MapraHua (Mn
4
+) , KOTO

phie, B3aHMO.UeHCTBY51 e .UBYM51 MOJleKynaM11 BO.Uhi , KaTaJIH311PYIOT peaKUHIO 

pa3JlO)KeHl151 BO.Uhi: 

2Mn4+ + 2H20 ---> 2Mn2+ + 4H+ + 0 2. (5.11) 

TaK11M o6pa30M, nocne nocne.uosaTeJlhHOH nepe.ua'-111 '-leThipex 3JieKTpo

HOB OT BPK K P 680 npottcxo.UHT c11HxpoHHOe pa3JIO)KeH11e cpa3y .usyx MOJieKyn 

BO.Uhi, conpoBO)K,lla!Omeec51 BhI.UeJieH11eM O.UHOH MOJleKyJlhl Kl1CJiopo.ua 11 '-leThl

pex 110HOB so.uopo.ua, KOTOphie rrona.ua!OT BO BHYTpl1Tl1JiaKOH.UHOe npocTpaH

CTBO xnoponnacTa. 

06pa30BaBWa51C51 np11 tPYHKU110HHpOB3Hl111 <l>C2 MOJleKYJia IIJlaCTOXHHOJla 

QH2 .U11tPtPYH.U11pyeT BHyTpH Jil1II11.UHOro 611CJl05I nrnaK011.UHOH MeM6paHhl K b / f

KOMnJieKcy (p11c. 5.8 H 5.9). I1p11 CTOJlKHOBeHHl1 e b/f-KOMnJieKCOM MOJieKyna 

QH2 CB513h!BaeTC51 e Hl1M, a 3aTeM nepe.uaeT eMy .usa 3JleKTpOHa. Tip11 3TOM Ha 

Ka)K.UYIO MOJleKyny nJiaCTOXHHOJla, OKl1CJl5IeMY'° b/f-KOMnJleKCOM, BHYTPh THJla

K011.Ua BhI.UeJI5IIOTC51 .usa 110Ha so.uopo.ua. B CBOIO O'-lepe.uh, b/f-KOMOJleKC CJ1~11T 

.UOHOpOM 3JleKTpOHa .UJI51 nnacT01(11aHl1Ha (Pc) - cpaBHl1TeJlhHO He60JlhWOro 

so.uopacrnopHMOro 6eJIKa, y KOToporo B COCTaB 3KTl1BHOro ueHTpa BXO.UHT 110H 

Me.UH (peaKUl1H BOCCTaHOBJleHH51 H OKHCJleHH51 nnacTOUHaHHHa conpOB0)1(,llalOTC51 

H3MeHeHH51Ml1 saneHTHOCTl1 HOHa Me.UH Cu
2
+ + e- ---> Cu +). flnacTOUHaH11H BhI

nonHJ:ieT ponh CB513YIO!llero 3BeHa Me)K.lly b/f-KoMnneKCOM H <l>Cl. MoneKyna 

nnacTou11aHttHa 6hICTpO nepeMemaercJ:i BHYTPH THJlaKott.ua, 06ecneq11sa51 nepe

Hoc 3JieKTpoHa oT b / f-KoMnneKca K <l>C I. OT soccTaHosneHHOro nnacTOUHaHHHa 

3JleKTpOH nocrynaeT Henocpe.UCTBeHHO K OKHCJleHHhIM peaKU110HHh!M ueHTpaM 

<l>Cl - P 700+ (cM. pttc. 5.8). TaKHM o6pa3oM, s pe3ynhTaTe cosMecTHOro .uewcT

Bl151 <l>Cl 11 <l>C2 .usa 3JleKTpoHa OT MOJleKyJlhl BO.Uhi, pa3naraeMOH B <l>C2, qepe3 

uenh 3JieKTpOHHOro TpaHcnopTa nepeHOC5ITC51 B KOHe'-IHOM 11TOre Ha MOJieKyny 

NADP+, 06ecne'-lttsa51 o6pa3oBaHHe c11nhHoro soccTaHOBHTeJI51 NADPH. 

3a1.feM xnoporrnacrnM HY)l(HhI .use tPOTOCHCTeMhI? lfasecTHO, '-ITO tPOTO

CHHTe3ttpy10m11e 6aKTepH11, KOTOphie HCII0Jlh3YIOT B Ka'-leCTBe .UOHOpa 3JleK

TpOHa .UJl51 BOCCTaHOBJleHH51 OKHCJleHHhlX peaKU110HHhlX ueHTpOB pa3Jll1'-1Hh!e 

opraHH'-lecK11e H HeopraHH'-leCKHe coe.uttHeHHJ:i {ttarrp11Mep, H 2S), ycnewHo 

tPYHKUHOH11py10T e O.UHOH tPOTOCHCTeMOH. OTBeT Ha sorrpoc o npottcXO)K.UeH11H 

.usyx tPOTOCl1CTeM 3aKJll01.faeTC51 B TOM, '-ITO 3HeprHH O.UHOro KBaHTa BH.UHMOro 

CBeTa He.uocTaTO'-IHO .UJI51 Toro, '-IT06h! o6ecne'-111Th pa3JlO)KeHHe BO.Uhi H 3tPtPeK

THBHOe rrpOXO)K,lleH11e 3JieKTpOHOM scero IIYTH no ue1rn MOJJeKYJJ-rrepeHOC'-111KOB 
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OT sonhl K NADP+. Tip116mn1neJihHO 3 MJipn JieT ml3an Ha 3eMJie noHBHJI11Ch 

u11aH06aKTep1111, KOTOph1e np1106peJI11 cnoco6HocTh 11cnoJih30BaTh sony B Kal.!e

CTBe HCT04Hl1Ka 3JieKTpOHOB AJIH BOCCTaHOBJieHHJI yYJieKHCJIOThl. B HaCTOmuee 

speMJI C4HTaeTrn, 4TO <I>C I seneT csoe npo11cxo)[(neH11e oT 3eJieHhIX 6aKTep11ì1, 

a <I>C2 - OT nypnypHhIX 6aKTep11ì1. TiocJie rnro KaK B xone 3BOJIJOu110HHOro 

npouecca <I>C2 «BKJIJ0411Jiach» B en11HyJO uenh nepeHoca 3JieKTpoHa sMecTe e 

<I>C I, cTaJio B03MO)[(HhIM peumTh 3HepreTH4ecKyJO npo6JieMy - npeonoJieTh 

.llOBOJihHO 60JihllIYJO pa3Hl11lY B OKHCJIHTeJihHO-BOCCTaHOBHTeJihHh!X noTeHu11a

JiaX nap K11cnopon/sona 11 NADP+/NADPH. Bo3HHKHOBeH11e cpoToc11HTe311-

py10m11x opraHH3MOB, cnoco6Hh!X OKMCJIJ!Th sony, CTaJIO OAHHM 113 Ba)[(HeHUil1X 

3Tanos pa3BHTMH )[(HBOì1 np11ponh1 Ha 3eMJie. Bo-nepBhIX, sonopocJIH 11 3eneHh1e 

pacTeHMH, «Hay4HBUJMCh» OKHCJIJ!Th BO.lly, osnaneJil1 HeHC4epnaeMh!M HCT04HH

KOM 3JieKTpOHOB nJIH socCTaHOBJieHHH NADP+. Bo-BTOphIX, pa3naraH sony, OHH 

HanOJIHHJIH aTMOccpepy 3eMJIM MOJieKyJIHpHh!M KHCJIOpO.llOM, C03.llaB, TaKHM o6-

pa30M, ycJIOBl1H .llJIH 6ypHOro 3BOJIJOUMOHHOro pa3BHTHJI opraHl13MOB, 3Hepre

THKa KOTOph!X CBH3aHa e a3p06Hh!M AhIXaH11eM. 

ConpR:J1ceHue npo4eccoe :JJ1eKmpoHH020 mpaHcnopma e nepeHOCOM npo

moH06 u cuHmeJOM ATP e XJ1oponJ1acmax. 

IIepeHoc 3JieKYpoHa no l.J,3T, KaK npas11JI0, conposO)[(.llaeTcH noH11)[(eH11-

eM 3Hepr1111. 3TOT npouecc MO)[(HO ynono6HTh caMonp0113BOJlhHOMY ABH)[(e

HHJO TeJia no HaKJIOHHOH nJIOCKOCTl1. YMeHhUJeH11e ypoBHH 3Hepr1111 3JieKTpOHa 

B xone ero .llBl1)[(eHl1JI B.llOJlh l.J,3T BOBCe He 03Ha4aeT, onHaKo, 4TO nepeHOC 

3JieKTpOHa scema HBJIHeTcH 3HepreTH4eCKM 6ecnoJie3HhIM npoueccoM. B Hop

MaJihHhIX ycJIOBl1HX cpyHKlll10H11pOBaHl1JI XJIOpOnJiaCTOB 60Jihll!aH 4aCTh 3Hep

r1111, BhI.lleJIJIJOUJeiicH B xone 3JieKTpOHHoro TpaHcnopTa, He nponanaeT 6ecno

Jie3HO, a 11cnonh3yeTCH nJIR pa6oThI cneu11aJihHoro 3Hepronpeo6pa3yJOruero 

KOMnJieKca, Ha3hrnaeMoro ATPc11HTa3oì1. 3ToT KOMnJieKc KaTan11311pyeT 3Hep

reT11qecK11 HeshironHhlH npouecc 06pa3osaH11H ATP 113 ADP 11 HeopraH11qecKo

ro cpoccparn P; (peaKuHH ADP + P; -> ATP + H 20). B 3TOH CBR311 npHHHTO ro

sopMTh, •no 3HepronoHopHhie npouecchI 3JieKTpOHHoro TpattcnopTa conpH)[(e

HhI e 3HeproaKuenTopHhIMM npoueccaM11 CMHTe3a ATP. 

Ba)[(HeiiUJyJO poJih B 06ecneqeH1111 3HepreTw1ecKoro conpH)[(eHMH B MeM-

6paHax THJiaKOl1Ll,OB, KaK 11 BO scex OCTaJihHhIX 3Hepronpeo6pa3yJOIU11X opra

HeJIJiax (MHTOXOHnp1111, xpoMaTOcpophl cpOTOCHHTe311py10U.lHX 6aKTep11ì1), 11rpa10T 

npouecchI npoTOHHOro YpaHcnopYa. CMHTe3 ATP TecHo CBH3aH e nepeHOCOM 4e

pe3 ATPrnHTa3y Ypex npOTOHOB 113 THJiaK011nos (3H;0 ) B CYpOMY (3H0 u1J: 

ADP + P; + 3H;n+-> ATP + H20 + 3Hout+· (5.12) 

3TOT npouecc CTaHOBHTCH B03MO)[(Hh!M noTOMy, 4TO BCJiencTBHe aCHMMeT

p114HOro pacnoJIO)[(eHHH nepeHOC4MKOB B MeM6paHe cpyHK1lMOHHpoBaH11e l.J,3T 

XJIOponJiaCTOB np11son11T K HaKonJieHHJO M36blT04HOrO KOJil14eCTBa npoTOHOB 

BHyYplf TMJiaKOH.lla: HOHhl sonopona nornomaJOTCH CHap~H Ha CTanHRX BOC-
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craHosnemui NADP+ 11 06pa:30saHm1 n11acrox11Ho11a H Bh1.nem110TCH 0Hy11rn TH

JiaK011.nos Ha cra.n11Hx pa3JIOJKemrn BO.llbl H OKl1CJieHl1H nnacTOXHHOJia (pHC. 5.8). 
OcsemeHwe xnoponnacrns np11so.u11T K cymecrneHHOMY (s 100-1000 pa3) yse

JI11YeH1110 KOHUeHTpauHH HOHOB so.uopo.ua BH)'Tp11 THJiaKOl1.llOB. 

11TaK, Mhl paCCMOrpeJIH uenh co6bITl1H, B xo.ue KOTOpblX ::meprHH COJIHeYHO

ro CBeTa 3anacaeTCH B <PopMe :rnepn-111 BhICOKO:rnepreTl1YHhlX XHMHYeCKHX co

e.u11HeHHH - ATP 11 NADPH. 3rn npO.ll)'KThI cserosoii cra.n1111 <PorocHHTe3a 11c

noJih3YJOTCH B TeMHOBhIX CTa.lll1HX }],JUI o6pa30BaHHH opraHHYeCKHX coe.u11HeHl1H 

(yrneso.uos) 113 yrneKHCJioro ra3a 11 BO.Uhi. OcHOBHhie 3TanhI npeo6pa3osaHl1H 

3Heprnw, npHBO./lHll.\He K o6pa30BaHHIO ATP H NADPH, BKJIIOYaIOT B ce6H c11e

.uy10m11e npoueccb1: 1) nornomett11e 3Hepr1111 csera n11rMeHTaM11 cseToco611-

pa10meii aHTeHHhI; 2) nepeHOC 3HeprnH B036yJK.UeHl1H K <PoropeaKUHOHHOMY 

uettrpy; 3) OKHCJieHHe <PornpeaKUl10HHOfO ueHrpa 11 CTa6HJil13aUHH pa.3.UeJieHHh!X 

3apH.uos; 4) nepettoc 3JieKrpOHa no uenw 3JieKrpOHHOro rpaHcnopTa, 06pa3osa

H11e NADPH; 5) rpaHcMeM6paHHhIH nepettoc HOHOB so.uopo.ua; 6) CHHTe3 ATP. 

5 .1.2.3. Ponh H30Torros B <PoTOCHHTe3e 

Eme cpaBHHTeJihHO He.UaBHO CYHTaJIOCh, YTO BKJia.u B 6110Maccy scex <Po

TOCHHTe3HPYIOll.\HX opraHH3MOB H30Tona yrnepo.ua 
12C 11.ueT, B OCHOBHOM, 3a 

CYeT 1130TOnHoro 3<P<PeKTa <PoTOCHHTe3a. 0TKpb!Tl1e H30TOflHOro 3<P<PeKTa <Po

TO.llhIXaHHH II03BOJil1JIO yYHThIBaTh B npouecce <PoTOCHHTe3a TaKJKe BTOpoii 

H30TOII yrnepo.ua -
13C. 0Ka3aJIOCh, YTO <PoTOCHHTe3 BKJIIOYaeT .usa npouecca -

<PoroacCHMHJIHUHIO, OTseqaJOll.\YIO 3a o6orameHHe 6110MaCChl H30TOnOM 
12C, 11 

<PoTO.llhIXaH11e - 1130TOnOM 
13C. 3TO .uano B03MOlKHOCTh paccMaTp11BaTb <PoTO

Cl1HTe3 KaK Ko11e6are11hHhIH npouecc [16]. 
<l>0Toacc11Ml1JIHUl1H 11 <PoTO.llhIXaH11e He MOrJil1 B03Hl1KHJ'Th 0.llHOBpeMeH

HO, OOCKOJihKY .UJIH <PoTO.llhIXaHl1H B aTMoc<Pepe .llOJIJKeH 6hIJI HaKOnHThCH Kl1-

CJIOpo.u, 11 3Tl1 npoueCChl CBH3aHbl e H30TOnHhlM <PpaKu110H11posaH11eM yrrrepo

.na. B 6oJihllll1HCTBe np11po.nHhIX npoueccos 3Tl1 p m 1111q11H B03HHKaIOT 111160 B 

pe3)'JlhTaTe Kl1HeT11qecKoro 1130TOnHoro 3<P<PeKTa ( CKOpOCTll peaKUl1H e yqa

CTl1eM pa3Hh!X 1130Tonos pa3Jil1YHhl), 1rn60 B pe3)'JlhTaTe TepMO.llHHaM11qecKoro 

H30TOflHOro 3<P<PeKTa (3HepreTl1YeCKl1e ypoBHl1 1130TOflHhlX MOJieKyJI HepaBHO

ueHHhl). TaK11M o6pa30M, Han11uo 3as11c11MoCTh MeJK.uy npoueccaM11 Ha KJie

TOYHOM, opraHl13MeHHOM 11 611oc<PepHOM ypOBHHX. Ho 11MeeTCH 11 .upyraH, UHK-

1111qecKaH 3as11c11MOCTh MelK.lly reo11or11qecK11M11 H 611oc<PepHhIMH npoueccaM11 

B 3BOJIIOU1111 611oreoc<Pepbl [17] . 11 CBH3aHbl 3TH U11KJlhl e KOne6aHl1HMl1 COCTa

Ba aTMoc<PephI, s nepBYJO oqepe.uh yrnepo.ua 11 K11c11opo.ua, a TaKlKe UHKJI11qHo

cThIO .us11JKeH11H n11roc<PepHhIX nJIHT. OporeHHYeCK11e UHKJihI BKJIIOYaIOT ne

pttO.llhI cnOKOHHOro .llBl1JKeHl1H - reOCl1HKJl11HaJibHble (.ll1111TeJibHOCThIO OT 100 
.uo 500 MJIH JieT) 11 nep110.llhl aKTl1BHOCTH - oporeHHhle (.un11TeJihHOCThlO no

PH.UKa 50 MJIH 11er). B oporeHHhJe nepHO.llhl CTOJIKHOBeH11e JIHToc<PepHhlX n1111T 

npo11cxo.u11T qame, cne.uosaTenhHO, B aTMoc<Pepy nocrynaeT 6oJihIIJe yr11eK11-

cnoro rma, qeM B reOCl1HKJIHHaJihHhle. B CBOIO OYepe.uh, UHKJil1qHOCTh co.uep-
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)l(aHJ-rn yrneKHCJIOro ra3a B aTMOc<fiepe JIHMHTHpyeT CKOpOCTh <fioTOCHHTeJa 

(KaK cy6cTpaT) 11 onpe)lem1eT )lJIHTeJihHOCTh UHKJIOB (KaK <fiaKTop) [16]. 
HaH60Jiee 3Ha'!HTeJihHhie UHKJIH'!eCKHe KOJie6aHHll co)lep)l(aHHll C02 a 

aTMoc<fiepe (nepHOLI a 11 O ThIC. JieT) cosna)la!OT e perym1pHhlMH H3MeHeHHllMH 

napaMeTpos 3eMHOH op6HThI - UHKJiaMH MHJiaHKOBH'!a. CospeMettttoe co

)lep)l(aHHe C02 (360 ppm HJIH 0,036 %) OTMe'!eHo KaK caMoe BhICOKoe 3a no

CJie)lHHe 500 Th!C. JieT, H eCJIH '!eJIOBe'!eCTBO (rHIIOTeTH'leCKH) CO)l()l(eT ace 

HMelOIUHeCll 3anaCh! HCKonaeMOro TOCTJIHBa, TO CO)lep)l(aHHe C02 B aTMOc<fiepe 

CTO)lHHMeTCll LIO 0,2 %, T. e. np11MepHO LIO ypoBHll KOHUa naJie030HCKOH 3ph!. 

A HMeHHO KOHeu naJie030HCKOH 3phl (300-270 MJIH JieT Ha3a.ll) 6hrn OTMe'!eH 

nepeXO)lOM OT )lOJirO )lJIHBIUerocll H OXBaTl1BUiero 60JihIUYIO '!aCTh 3eMJlH OJie

)leHeHHll K rno6aJihHOMY noTenneHHIO. 3a 3TO speMll COL1ep)l(att11e C02 B aTMO

c<fiepe (BHa'lane npHMeptto pasttoe cospeMeHHOMy) B03pocno B I O pa3, 11 no 

Mepe CTOBhIUieHHll TeMnepaTyphI MeHl!JlCll xapaKTep HaJeMHOH paCTHTeJihHO

CTH - B TpOCTHKax paCTHTeJlhHOCTh CTaHOBHJlaCh 6oJiee cyxo1110611soì1. 

EcJI11 KOJie6aHHll coL1ep)l(aHHll C02 B 3Ha411TeJlhHOH Mepe onpeL1eJillIOTCll 

HJMeHeHHllMH B cHcTeMe «OKeaH - cyIUa», TO Kone6aHHll KOHUeHTpau11H CH4 

60JihIUe 3aBHCllT OT KOHTHHeHtaJihHhIX npoueccoB, Bhl3BaHHh!X nepena)laMH 

TeMnepaTyp. B Te'!eHHe 6011h1Ueì1 'laCTH H3Y'!ettttoro nepHO)la COL1ep)l(aHHe Me

TaHa H3MeHllJIOCh B )lHana30He 350-800 ppb, O)lHaKO B HaCTOllIUee speMll ero 

ypoBeHh 3Ha'!HTellhHO B03poc H COCTaBJilleT 1770 ppb. l1 nepHO)ll14HOCTh oc

HOBHhlX UHKJIOB MeTaHa TaK)l(e OKOJlO 100 Th!C . JleT, XOTll cneKTpaJihHhlH aHa

JIH3 BhlllB11JI nep110)lhl 8 41 Th!C. JieT H B 23 ThlC. JieT (ace nepHO)lhl CBll3aHhl c 

xapaKTepHCTHKaMH op611Thl 3eMJIH) . 

YrneKHCJIOTHO-Kap6oTHall Cl1CTeMa 6Hoc<fiephI o6pa3oBaHa nyTeM CTOCTO

llHHOro o6MeHa Me)l()ly ra3006pa3HhIM H paCTBopeHHhIM 8 BO.Ile yrneKHCJihIM 

raJOM. flOCKOJihKY BpeMeHa 3TOro B3aHM006MeHa 3Ha'!HTeJlhHO MeHhUie BpeMeH 

reoJIOfH'!eCKHX npoueccoB, CHCTeMy MO)l(HO paccMaTpHBaTh ·KaK paBHOBeCHYIO 

(H 3TO IlO)lTBep)l()laeTCll )lOCTH)l(eHHeM B CHCTeMe H30TOilHOro paBHOBeCm! B 

pe3yJihTaTe XHM11'!ecKoro pasttoseCHll). B 6Hoc<fiepe TaK)l(e Ha6JI10L1aeTCll HJO

Tonttoe pasttoseCHe yrnepoL1a a cocrnse aTMoccpepttoro H rn)lpoccpepHoro C02 -

pa3HHUa .COCTaBJilleT acero 5- 7 %. 
CyruecTsyeT mpu ocHOBHbie 2unome3bl omHocume11bHO ucmo'IHUKa C02: 

1. nona)laIOIUHH B aTMOCcpepy yrneKHCJihlH ra3 CBll3aH c )lera3auHeì1 MaH

THH, HO onpeL1eJieHHall 'laCTh yrnepoL1a B03BpamaeTcll a rno6aJihHhrì1 Kpy

rosopoT nocpe.LICTBOM ::ipo311H, BhIBeTpHsaHHll H L1pyrHx npoueccos [17]. 
2. CYMMapHoe KOJIH'!ecrno yrJiepo)la B yrJieKHCJIOTHO-Kap6oTHOH CHCTeMe 6110-

ccpephI pastto KOJIH'!ecrny yrnepoL1a, nocryna10mero m oca)lKOB, T. e. npoHc

xo)l()leHHe C02 - oca)lO'IHoe [ 18]. KpoMe Toro, a paMKax 3TOH KOHuem(HH 

npe.LICTOJiaraeTCll, 'ITO o6mee KOJIH'!ecrno yrJiepo)la H ceph1 B 6Horeoc<fiepe 

IlOCTOllHHO. 06a 3JieMeHTa cymeCTBYIOT B )lByx <fiopMax - OKHCJleHHOH 

(Kap6ottaThI H C02, cyJihcpaThI nopo.ll) H soccrnttosJieHHOH (opraHH'!ecKoe 

semecrno oca)lO'IHhIX nopo.ll, ceposoL1opoL1 H cyJih<fJHLlhI) [19]. 
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Cornactto Teop1111 Mo6111m3Ma, JIHToccpepHhie IIJil1Thl Haxo.i:v1TC5! B rro

CT051HHOM ,UBmKem·m , rrp11q11HOÌ1 KOTOporo CJJ)')Kl1T KOHBeKTHBHOe ,UBmKe

HHe MarMhl rro.u B03,UeÌ1CTBHeM COJJHel.!HhlX 11 .upyr11x UHKJIOB IIJJaHeT B Cl1C

TeMe. B 30Hax CTOJJKHOBeHH51 IIJJHT C03,UaIOTC51 Bh!COKHe TeMrrepaTypbl H 

.uasneHH51, B pe3yJJhTaTe qero oca.uoqHhie rropo.Uhl propyrna10Tc5! e Bh1.L1eJJe

H11eM C02, a CB513aHHble e HHMH KaTHOHhl MeTaJJJJOB o6pa3yIOT Cl1JJHKaTb1 : 

MeC03 + Si02 --> MeSi03 + C02. (5.13) 

Opratt11qec1<oe semecTso rropo.u OK11c1rneTC5! rrp11 B3aHMo.ueì1cTBHl1 e 

cynhcparnMH, soccTaHaBJJHBa51 cepy 11 06proy51 1neMeHrnpHy10 cepy, a TaJOKe 

rrorroJJH5151 aTMoccjlepy C02: 

so/ -+ 2CH20--> 2C02 + 2H20 + s2
- , (5.14) 

S04 + 4H2S --> 5S + 4H20 . (5 .15) 

To ecTh rno6aJJhHhie KpyrosopOThI yrnepo.ua 11 cephI corrp51)1(eHhI rro

cpe.ucTBOM opraHl1Kl1 oca.uoqHhIX rropo.u, qTO B03M0)1(H0 TOJJhKO rrpH HaJIH

q1111 cjloTOCHHTe3a, 06ecrreq11sa10111ero rrepeHoc yrIIepo.ua 113 OKHCJJeHHoì1 

cjlopMbl B BOCCTaHOBJJeHHYIO. Iloc-ryrrM B oca.uoqHbie rropO.UhI , opraH11qe

CKl1Ì1 yrnepo.u (Copr) , B CBOIO oqepe,Uh, crroco6cTBYeT BOCCTaHOBJJeHHIO cepbi. 

.[{o Tex rrop IIOKa B aTMOCcpepe He HaKOIIHJIOCh )J.OCTaTOl.!HOe KOJJ11qeCTBO 

Kl1CJJOpo.ua (.uo KOHUa ,llOKeM6p115!), rny6HHHhie BO)J.hl OKeatta 6bIJJH 3aIIOJI

HeHhl ceposo.uopoM 11 cynhcjl11.uooKHCJI5!I011IHMH 6aKTepH51MH. Eonee Toro, 

rrpe)J.IIOJJQ)KHTeJJhHO, HMeHHO HX 6110Macca 6brna . rnaBHhIM HCTOqHHKOM 

opraHHl.!eCKOro semecrna rnro rrep110.ua [18] . B 3aHMOCB513h KpyrosopoTOB 

cepbl 11 yrJiepo.ua TaJOKe OTpa)l(aeT 1130TOIIHhlH COCTaB Kap6oHaTHOro yr

nepo.ua 11 cynhcparnoì1 cepbI 3a nocne.uH11e 700 MJJH neT [19] (p11c. 5.10) . 

3. TpeTh51 rnrroTe3a npH3HaeT cy111ecTBOBaH11e MaHTHÌ1Horo 11 oca.uotJHoro 11c

TO'IHHKOB C02. B 6onee KpaTKospeMeHHhie oporeHHhie nepHO)J.hl npo11cxo

)J.l1T cKatJKoo6pa3HhIÌ1 pocT C02 B aTMoccjlepe, a B reoc11HKJil1HaJJhHhie ne

pHO.llhI CKOpOCTh 3TOro IIOCTyIIJieHl151 MeHbllle CKOpOCTl1 HCIIOJJb30BaHl151 C02 

B npouecce cjlOTOCHHTe3a, rrpH 3TOM IIOCTerreHHO ero co.uep)l(aHHe B aTMO

ccpepe CHl1)1(aeTC51. IlapaJIJJeJJbHO 3KCIIOHeH1(11aJJhHOMY poc-ry co.uep)l(aHl151 

K11CJiopo.ua B aTMOCcpepe paCTeT H 6110Macca opraHH3MOB, H, CJJe)J.OBaTeJibHO, 

Macca opraHHtJeCKOro semecTBa B oca.uotJHhIX nopo.uax. B Ka)l(.l\hIÌ1 npe.uh1-

.uym11ì1 reOCHHKJIHHaJJhHhlH nep110.u npOH3BO.l\CTBO 02 npeBbIIllaeT ero no

TPe6JieH11e, no1T0My ero 06111ee co.uep)l(aHHe pacTeT. A KOJIH'IeCTBO C02, 

IIOCTYflaIOmero B aTMOCcpepy B oporeHHhIH rrep110.u, MeHbllle KOJJl1lJeCTBa, 

yxoMmero B OCa)J.Ol.!HbJe rropo)J.hl, H pa3HH1(a Me)l()J.y Hl1MH COOTBeTCTByeT 

IIOCTYflaI0111eMy B aTMOccpepy 0 2 [20] (p11c. 5 .11 ). 
lfaOTOIIHOe pà3,lleJJeH11e yrnepo.ua BO BpeMeHl1 3aBHCHT OT HaKOIIJieHH51 

KHCJJOpo.ua B aTMOCcpepe H, CJie)J.OBaTeJibHO, HeIIOCT051HHO. IlOCKOJihKY B XO)J.e 

cj:>OTOCHHTe3a npoHCXO)J.HT o6orameHHe 6HOMaCChl «JJerKHM» H30TOIIOM 
12

C 

(pacTeHH51M npome ero ycsaHBaTb), B yrJieKHCJIOTHO-Kap6oTHOH CHCTeMe CHJ.:l)l(a-
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P11c. 5.10. Conpmt<eHHble H3MeHeHHH seKOBblX KPHBblX HJOTon
Horo cocrasa yrnepoAa Kap6oHaTHblX nopoA (a) vi cepb1 cynbcj:Jarns 

3sanopvirns (6) Ja nocneAHHe 700 MnH ner (20] 

P11c. 5.11. CxeMa 1t1JMeHeH1t1iÌ1 KOHL1eHrpaL11t1iÌ1C021t1 02 s arMoccj:Jepe 
B TelleHltle oporeHHblX (2) lt1 reOCHHKnHHanbHblX (1) nepHOAOB (20] 

367 

eTCJJ co.uep*aHHe HeopraHw-1ecKoro yrnepo.ua H HaKaIIJIHBaeTCJJ «TJJ)f(:eJihIH» 

H30TOII 
13

C (H HaH60JibIIIee ero KOJIHqecTBO HaKaIIJIHBaeTCJJ K KOHJJY reOC11HK

JI11HaJihHOrO rrep110.ua). 0.UHOBpeMeHHO BCe 6onee ((TJJ)l(:eJihJM)) CTaHOBllTCJJ 

BHOBh 06pa3y10m11ì1cJJ opraH11qecK11ì1 yrnepo.u, TaK KaK Ha acc11M11JIJJl]HJO C02 

rrp11 cpoTOC11HTe3e Ha411Ha!OT HCIIOJih30BaThCJJ 6onee TJJ)i(eJibJe OCTaTOqHbJe He

opraHHqecK11e semecrna. I130TOIIHhIH cocrns Kap6oHaTHOro 11 opraH11qecKoro 

yrnepo.ua oT o.uHoro CYMMapHoro JJHKJia K .upyroMy xapaKTep113yeTcJJ o6ora

meHHeM 1130TOIIOM 
13

C, TaK KaK qacTh opraH114eCKOrO yrnepo.ua, He IIOJIHOCThIO 

OKllCJIJJJJCh, rrepexo.u11T B cpopMy opraH11qecKoro semecTBa oca.uoqHhIX rropo.u. 

IIocKOJihKY B rroqse co.uep)l(HTCJJ MHOro paCT11TeJihHhlX OCTaTKOB, TO H rroqBeH

Hh!H 803.UYX o6e.uHeH co.uep)l(aH11eM 
13C. 0.uHaKO rrp11 Bh!COKOH KOHl]eHTpa-

1]1111 C02 B aTMoccpepe ero co.uep)l(aHHe B rroqse TaK)l(e YBeJIHq11BaeTCJJ. 

I1 B KJieTKe, 11 B aTMOCcpepe llOCTOJJHHO Ha6JIIO,Ua!OTCJJ KOJie6aH11JJ COOTHO

IIIeHllJJ C02/ 0 z. I1 B Ka)l(,UQH H3 3THX CHCTeM cymecrnyer CBOJJ ((TQqKa KOMlleH-
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ca111111» no C02. T. e. Ml1Hl1MaJihHCUI KoH11em-pa11mr C02, np11 KOTopoii KOJil1'IecT

so acc11M111111pyeMoro C02 paBHO KOJI11qecrny BhIJlhixaeMoro [21]. AHaJIOrnlfHO 

pa6orneT «TOlfKa KoMneHca111111» nm1 611occpepi,1: KOH1IeHrpa111151 C02 B aTMo

ccpepe He MOlKeT 6hITh Hl1lKe nonycTl1MOH, a KOH1IeHrpa111151 02 He MOlKeT npeBhl

Cl1Th :noT rropor. B 11cTop1111 3eMJI11 61>IJI11 nep11oni,1 pocTa KaK C02, TaK 11 0 2, 

Hanp11Mep, B cpaHep030HCKYl-O 3py 3Ha•rnTeJihHO BhlpOCJIO coneplKaH11e 02 B 

aTMOCcpepe, t\BfllKeH11e 611occpepbl K TOlfKe KOMneHCallflfl y6hICTp11JIOCh 11 

Cl1CTeMa BHOBh npm1rna K paBHOBeCHl-0 [20]. l1 3Tl1 nep110Jlhl CB~!3aHhl KaK e 

TeKTOHl1KOH IlJIHT, TaK Il e nep11onaM11 noTenJieHmr 11 IlOXOJIOJlaHmr, T. e. e co

neplKaH11eM B aTMoccpepe C02 H 0 2. B oporeHHhie 11ep11oni,1 Ha6JIJ-OJlaeTC51 

nos1>11IIeHHoe conepJKaH11e C02, cnoco6cTBYI01Ilee Bh!COKHM TeMnepaTypaM 11 

«naptt11KOBOMY 3cpcpeKry», a TaKlKe noH11lKeHttoe conepJKaH11e 0 2, 06ecneq11-

sa1-0mee H113K11H yposeHh cpOTOJlh!XaHH51 y cpOTOCl1HTe311pyi-01IIl1X opraHH3MOB 

(nep11oni,1 noTerrJieHH51). A B reoc11HKJI11HaJihH1>1e - Hao6opoT: tta6JIJ-OJlaeTc51 

noH11lKeHHoe conepJKaH11e C02 (nep11oni,1 noxoJionatt115!) 11 nos1>11IIeHHoe co

neplKaH11e 0 2. CJienosaTeJihHO, oco6etttto K KOHIIY o6mHx IIHKJIOB (BKJIJ-Olfa51 

o6a nepttona), Ha6JI1-0JlaeTC5! pocT moTorra 
13

C 11 yMeH1>IIIeH11e K03cpcp111111ettrn 

pmneJieH1151 1130TOilOB yrnepona rrp11 cpOTOCl1HTe3e B COOTBeTCTBHl1 e ypaBHeHH

eM PeJie51: 

Q, I Qo = (R0 I R,)a11
-a, (5.16) 

rne Qo 11 Q, - KOJ!HlfeCTBO HeopraHHlfeCKOro yrnepona B yrneKl1CJIOTHO

Kap6oTHOH Cl1CTeMe 611occpepbl B HalfaJie 11 KOHIIe o6mero oporeHeT11lfeCKOfO 

1111KJia; Q1 I Q0 - cTeneHh 11cqeprraH115! tteopratt11lfeCKoro yrnepona; R0 11 R1 -

COOTHOIIIeH11e 1130T011Hh!X KOH1IeHTpa1111ii 
13

C 11 
12

C B 11CXOJlHOM semecTBe B 

HalfaJie lll1KJia 11 B OCTaTKe B KOHIIe IIl1KJia, T. e . 
13

C/
12

C; a - 3cpcpeKTl1BHhIH 

(ycpentteHHh!H) K03cpcjm1111eHT cppaKIIHOH11pOBaHl151 1130TOIIH0f0 COCTaBa yrne

pona np11 cpOTOCl1HTe3e. 

I1p11'111HOH HelIOCT051HCTBa K03cpcp111111eHTa 1130TOilHOro pa3neJieHH5! 51BJI51-

eTC51 IlOCTeneHHOe HaKOnJieHHe 02, KOTOpoe 11 np11BeJIO K B03Hl1KHOBeHl11-0 cpo

TOJlh!XaH1151, 11 pocT coneplKaHl151 1130TOna 
13

C, BBl1JlY HelIOJIHOro OKHCJieHl151 

opraHttlfecKoro yrnepona H nepexona ero qacT11 s cocTaB opratt11K11 ocanolfHhIX 

nopon [20]. 
I1p11 B03HHKHOBeHl1ll KOHTHHeHTaJihHhIX cpopM pacTeHl1H (Haf160JI

0

hIIIa5! 

f!HTeHCHBHOCTh OTMelfeHa 300-200 MJIH JieT Ha3an B ceJiype) cl)JIYKryHpOBaJIO 

He TOJihKO pacnpocrpatteHHe cpOTOCHHTe311py1-01IIl1X opraHH3MOB, HO fl B03Hl1K

HOBeHHe y Hl1X HOBhIX ananTa11110HHhIX MexaHl13MOB K cpaKTopaM cpenhl (ocse-

1IleHHOCTh, JlOCTYilHOCTh BJiarH, TeMneparypa 11 T. Jl.). I1p11 JlOCTl1lKeHHl1 CO,Llep

lKaHH51 Kf!CJIOpO,Lla B aTMOCcpepe OKOJIO l % npOH30IIIeJI nepexon K mpo6HOMY 

MeTa60Jil13MY - nepBa51 TOlfKa, a np11 ,[IOCTHlKeHl111 conepJKaH1151 KHCJIOpO,Lla B 

aTMOCcpepe 10 % ( OT COBpeMeHHOfO) lKl13Hh «BhlIIIJia» Ha cyIIIy - BTOpa51 TOlf

Ka (TOlfKfl I1acTepa). 0):1Hl1M ll3 TaKl1X MexaHl13MOB IlOCJIYlKl1JIO cpopM11posatt11e 

y BhICWHX pacTeHHH ycThHlfHoro annapaTa, n03BOJI51BWero peryirnposaTh 
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IlJIOTHOCTb ycTbHlfHbIX OTBepCTl1H Jil1CTa B 3aBl1C11MOCTl1 OT aTMoccpepHOH KOH

ueHTPau1111 C02 (Cr<PoTOCl1HTe3). Kor.na yrneK11CJIOTHO-Kap60THaH c11cTeMa 

.nocn1rna TO'IKl1 KOMneHcau1111 (B cenype), Cl1CTeMa CTaJia lfYBCTBI.ffeJihHOH K 

MaJibIM <ÌlJIYKTYaU11HM, Bbl3BaHHbIM pa3mllfHbIMl1 np11'IJ!HaMH ( acTpOHOMH'Ie

CKOro, reOJIOfl!'IeCKOro Il 611occpepttoro xapaKTepa) Il B HeH JlOHBIIJII!Cb KOJie-

6aHl1H OCHOBHb!X KOMITOHeHTOB. CH11)KeH11e o6meii KOHUeHTpau1111 C02 B aT

Moccpepe, a TaK)Ke KOJie6aHl1H COOTHO!lleHHH 1130TOJ1HbIX KOHUeHTPaUHH 
13

C/
12

C 11 KOHUeHTpau1111 02 np11BeJI11 K nOHBJieHl1JO HOBbIX BJl.[IOB BbIC!lll!X 

paCTeH11ii e HOBOH cpopMoii cpoTOCHHTe3a - C 4 (30-25 MJIH neT Ha3a.n B cpe.n

HeM KaHH030e) . 3TO np11BeJIO K B03HJIKHOBeHl1JO B Cl1CTeMe o6paTHbIX CBH3eii, 

pear11py10m11x Ha KOJie6aHl1H C02 11 0 2 He TOJihKO I13MeHeH11HM11 BKna.na B 

6110Maccy <PoTO.[lbIXaHHH Il <P0Toacc11MHJIHUl1H, HO Il cpopM11poBaHI1eM apeaJIOB 

pacrrpocTpatteH11H pacTeH11ii rnnoB C 3 11 C 4 [20]. 
TpaHcrropT BO.[lbl B pacTeHHHX CBH3aH e HaJIJl'Il1eM BOJIOPO.D.HbIX CBH3eH, o6-

pa3yJOIUlfXCJI Me)Kay MOJieKyJiaMH BO)lbI Il Me)K.[ly HIIMl1 Il CTeHKaMH KanJIJIJijipOB. 

B OTJIH'IHe OT )KJIBOTHhIX, aKKYMYJIHPYJOIIIHX 6oJihlllYJO lfaCTh noTPe6nHeMOH 

BO.[lbI, paCTeHHH 11cnapH!OT qepe3 Jil1CTbH JlO'ITII 90 % BJiar11, nocrynHB!lleH qe

pe3 KOpH11 (mpaHcnupaqUJL), JlOCKOJibKY ycTbl!Ua JIJICTbeB 60JiblllYJO lfaCTb Bpe

MeHH OCTaJOTCH OTKpbITblMII, lfT06bI yrneKJICJiblH ra3 113 aTMOCcpepbl MOr npOHil

KaTb B pacTeHHe 11 rrpHHHMaTb yqacTHe B cpOTOCJIHTe3e. qepe3 KOpHH BO)la no

cryrraeT B pacTeHHH 113 JlOlfBbl Il no.n BJil1HHHeM OCMOTHlfeCKOro .nasJieHJIH Il 

KaITl11IAApHbIX CJIJI IlO)J.HI!MaeTCH K Bep!llHHaM . .LJ:o CIIX rrop OCTaeTCH He BJlOJIHe 

HCHbIM, MOfYT JIII KanHJIJIHpHbie CJIJibI o6ecrrelfl!Tb nO.[lbeM BO.[IHOro 3JieKTPOJil1Ta 

Ha BbICOTY .no 150 M ( cpe.[IHHH BhICOTa 3BKaJIJIJ1Ta), lfTO COOTBeTCTByeT np11MepHO 

.naBJieHl1JO 15 aTM. TIO-Bil)J.JIMOMY, MOfYT. 0.nHaKO K MO.[leJIH, OCHOBb!BaJOmeiicH 

Ha rrpe.ncTaBJieHHJIX o KanHJIJIHpHbIX CHJiax noBepXHOCTHOro HaTH)KeHHH, cne.ny

eT ao6aBHTh tteK11e coo6pa)KeHIIH 113 06nacT11 r11.npoMexaH11K11. TiocKOJihKY Bce

r.na cymeCTBYJOT HeKOTOpbie MexaH11'IeCKI1e .[IBJl)KeHl1JI B Cl1CTeMe KallJIJIJIHpOB, 

TO caMl1 KanHJin»pbl, 6y.nyq11 HeJI11HeHHOH BeHTl1JlbHOH CJICTeMOH, cnoco6Hhl 

noatt11MaTb BOJIY noao6Ho rrep11cTaJihT11'IeCKOMy Hacocy. 

Ecn11 B CrpacTeHHHX 3aKphITbre ycThHUa npeKpamaJOT noCTynneH11e yr

JieK11cnoro .ra1a ( lfTO np11BO.lll1T K 3aMe.nneHHJO <PoToc11HTe3a 11 113MeHeH11JO <Po
TOCMHTeT11'IecK11x peaKUHH), TO B C4-pacTeHI1HX yrneKHCJiblH ra3 np11coea11HH

eTCH K TpexyrnepOJIHOH MOJieKyJie Ha noBepXHOCTJI Jil1CTa, 3aTeM nepeHOCl1TCH 

BO BHYTpeHH11e yqacTKl1 n11cTa, r.ne BhICB06o)K.naeTCH, 11 Half11HaeTcH u11KJI 

KaJIB11Ha. Tio3TOMY CrpacTeH11H, B ocHOBHOM, OTHOCHTC» K pacTeHl1HM yMe

peHttoro KJI11MaTa, a C 4-pacTeHl1H - K TPOITl1lfeCKHM. Tiocne.nH11e ro.nhI aKT11B

HO o6c~.naeTCH TeMa «rno6aJibHOro noTenJieHl1H» B CBH3H e «YCbIXaHl1eM» Jie

COB. Ho 1.necb Bee He TaK OJIH03Ha'IHO, rroCKOJihKY cne.nyeT Y'Il1ThIBaTb He 

TOJihKO TeMrrepaTypy aTMoccpepbl, HO 11 ypoBeHb OCBemeHHOCTl1, Il IICTOlfHHKII 

BJiar11, .[IOCTyITHbJe pacTeHJIHM. Tio 0.[IHOH 113 fHITOTe3, Ba)KHYJO pOJib B «YCbIXa

Hl1H» TpOI1H'IeCKl1X JieCOB MO)KeT CblrpaTb JlOJIO)Kl1TeJibHaH o6paTHaH CBH3b 

Me)K)ly cp113110JIOfl1'IeCKOH peaKu11eii .nepeBheB Ha He)J.OCTaTOK BJiar11 Il KOJil1lfe-
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CTBOM oca,[{KOB. ITocKOJ!bKY MHOr11e pacTeHl1ll (C4) np11 3acyxe Ha1111Ha10T 

<OKOHOMl1Th» BOLIY nyTeM cHmKeH11ll TpaHCnHpau11H, 3TO npHBOLll1T K 3aMeL1-

JieH1110 BOCXOL{lllllero TOKa BOL{bl OT KOpHdi K Jil1CTbllM H, B KOHe'lHOM C'leTe, -

K o6meMy 3aMe,[{JieHHIO o6MeHHbIX npoueccos, B TOM 'lHCJie <!>oTOCl1HTe3a. 

A YMeHbWeHHe KOJIH11ecT0a 11cnaplleMoii HMH BJiarH 6yL1eT secTH K eme 

6oJihWeii cyxocT11 KJIHMaTa. Ho, 0onpe1<11 O)!(HL{aHHllM, aMa30HCKHe neca OT

pean1po0aJIH na He6brnany10 3acyxy 2005 r . He CHH)!(eHHeM, a y0en1111eH11eM 

HHTeHCHBHOCTH cpOTOCl1HTe3a. )..(eJIO B TOM, 'lTO yposeHh <!>oTOCHHTe3a aMa-

30HCK11X JieCOB Jll1MHTHposaJICll He KOJll1'1eCTBOM BJ1ar11, a KOJll1'1eCTBOM CBe

Ta: Y.JeM 3acywJIHBee KJl11MaT, TeM MeHbWe o6na'1HOCTb, H TeM 60Jibille L{epe

Bbll noJiy11a10T cseTa H pear11py10T Ha 3TO y0en1111eHHeM nnomaL111 11 3eneHoii 

Macchi. B HH)!(HHX ropH30HTax no110 aMa30HCKHX necos HaKonnetta B .uocTa

TO'fHOM KOJlH'leCTBe BO.Ila, 'lTO CT03BOJllleT IlOKa pacTeHHllM nepe)!(HTb KpaT

KOBpeMeHHYIO 3acyxy 6e3 CHl1)!(eHHll TpaHCTIHpau11H 11 <!>oTOCHHTe3a. Ho B 

KaKOH-TO MOMeHT BHyTpeHHHe pe3epBbl Tpon1111ec1<oro neca MOryT .UOCTH'lb 

noporosoro ypoBHll, H Torna noJIO)J(HTeJibHall o6paTHall CBll3h Me)!(LlY 3a

cywJI110ocTblO KJlHMaTa 11 <1>11311011or1111ecKoii peaKuHeii .uepesbes Ha .ue<!>HUHT 

BJiar11 MO)!(eT peaJ11130BaTbCll B IlOJIHOH Mepe. 3a nocne.nH11e .uecllTl1JieT11ll 6b!JIO 

OTMe'leHO aKTHBHOe L{Bl1)!(eHHe pacTeHl1H B 30Hbl 60JibWeH snaro,[{OCTynHOCTl1 

H ocsemeHHOCTl1 - MHOrHe 811.Ubl Ha'faJ111 nepeMemaTh CBOl1 apeaJibl 6J1H)!(e K 

nOJIIOCaM HJlH B 6onee Bb!COKO pacnOJIO)J(eHHb!e apeaJ!bl (B cpeL{HeM Ha 3 MeTpa 

B ro.u) . Ho, IlOCKOJ!bKY CKOpOCTb 11X nepe.UBH)!(eHl1ll 3aBl1CHT OT cpoKOB )!(H3Hl1, 

TpaBhl , useTbl, nanopOTHl1KH H MXH nepeMemaIOTCll 6bI CTpee L{peseCHb!X no

po.u, 'lTO, B CBOIO OYepeL{b, se.neT K H3MeHeHHIO cymecTBYIOllll1X TpO<!>HYe

CKHX ceTeii. 

U:seT pacTeHHH 3aBl1Cl1T OT cneKTpa OTpa)j(aeMoro HMH CBeTa. )..(J!ll opra

Hl13MOB cywH pOJ!b «<!>HJJbTpa» CBeTOBOfO IlOTOKa HrpaeT aTMoc<!>epa: B sepx

Heì1 Y.JaCTl1 aTMOc<!>epbl caMb!e MHOfOYl1CJ!eHHbJe <!>oTOHbl - )!(eJJTbJe (.UJJHHa 

BOJJHbl 560- 590 HM), 11 no Mepe CHH)!(eHHll BbICOTb! H.UeT CHl1)!(eH11e .UJJ11Hbl 

BOJ!Hbl cpOTOHOB. 030H CTparnccpepbl nornomaeT CBeT B o6naCTl1 YJJbTpa<!>HOJie

Ta 11 11aCTl1'1HO B BHL{HMOM o6naCTH cneKTpa, BOJlllHOtt nap IlOfJlOlUaeT B l1H

<!>pa1<paCHOH 30He (6onee 700 HM), Kl1Cnopo.u - s6JJl1311 (687 11 761 HM). )..(11a

na30H BH.U11M0f0 H3JlyYeHHll orpaH1111eH CO CTOpOHbl CHHero cneKTPa B KOpOT

KOBOJJHOBOtt o6nacTH H IlOfJJOlUeH11eM Y<l> 0 30HOM, rpaH11ua KpaCHOro cneKTpa 

onpe.uenlleTCll cnoco6HOCTblO K ero IlOfJlOlUeHl1!0 Kl1CJJOpOL{OM. J13-3a 06w11p

HOfO Il0fJlOlUeHl1ll 030HOM CBeTa B BHL{11MOÌ1 o6naCTl1 Ill1K KOJJH'leCTBa <!>oTOHOB 

C.UBHHYT OT )j(eJITOfO K KpaCHOMY (npHMepHO K 685 HM). PaCTeHl1ll np11cnoco-

611cn11cb K 3TOMY cneKTpy, onpe.nenlleMoMy, npeHMymecrneHHO aTMoc<!>epHbIM 

KHCnopo.noM, TeM caMbIM, KOTOpbltt o6pa3yIOT caMl1 pacTeHl1ll. Kor):{a nepBbie 

<!>oTOCHHTe3Hpy10mHe opraHl13Mbl IlOllBHJJHCb Ha 3eMne, Kl1Cnopo.ua B aTMO 

c<!>epe 6hrno Mano, no3TOMY pacTeHl1ll HCTIOJlh30Ban11 He xnopo<!>11nn, a HHhie 

nHrMeHThl, H TOJihKO KOr,[{a COCTaB aTMOC<!>epbl 113MeHHJICll, xnopo<1>11nn CTaJI 

.UJill <!>oTOCHHTe3a Ha116onee pacnpOCTPaHeHHbIM nHrMeHTOM. 
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B nO)J.BO)J.HOM M11pe o6JiaCTh CBeTa, 11CnOJih3yeMa.H )J.JUI cpOTOCl1HTe3a, TaJOKe 

MeIDieTC.!I e rny611Hoì1. Hanp11Mep, so.nopocn11 11 u11aH6aKTep1111 nornoma10T 113JIY

'leHl1.!I 3eJieHoro 11 )l(eJITOro cnel<TpOB, a 0611rn1011111e Ha 3Ha'111TeJibHOH rny611He 

aH0Kc11reHHh1e 6a1<Tep1111 - KpaCHoro 11 11HcppaKpacHoro cnel<TpOB. Ha 3eMJie op

raHl13MOM, cnoco6Hb!M nornomaTb CBeT caMOH 60JihlIIOM .[{J111Hbl BOJIHhl (I1K )J.Jil1-

HOH BOJIHhI nop.!!,nKa 1015 HM), .!IBJI.!leTC.!I nypnypHM aH0Kc11reHHa.!I 6aKTep11.!1, a 

cpe.n11 OKCHreHHbIX opraHl13MOB - MopcK11e u11aH06aKTep1111 (720 HM). B uenoM 

)!(e cpOTOCl1HTe311pyIOUIM Cl1CTeMa 3eMJil1 11CnOJih3yeT 6oJihllle )J.Jil1HHOBOJIH0Bh!X 

cpoTOHOB, 'leM KOpOTKOBOJIHOBhlX. )Kw3Hh B OKeaHe Marna 3apO)J.11ThC.!I eme 11 no 

TOH np111.!11He, 'ITO so.na - «y;no6HhIÌ1» pacrnop11TeJih )J.JUI 611ox11MJ1'1eCK11x peaK

u11ì1 11 06ecneq11sacr 3a11111ry opraHl13MaM oT conHe'!ttoro Y<I>-113nyqeHl1.!I (KaK 113-

secTHO, B re speMeHa aTMoccpepHhIH 030HOBhIH cnoì1 OTCyYCTBOBaJI). OKeaH11qe

CK11e u11aH06a1<Tep1111 Ha'laJil1 OKCHreHHhlH cpOTOCl1HTe3 e BhI)J.eJieHl1eM Kl1CJIOpo.na, 

B pe3yJihTaTe qero aTMoccpepHhlH COCTaB Ha'laJI MeID!ThC.!I (KOJil1lJeCTBO Kl1CJIOpo.na 

11 030HOBhlH CJIOH yseJIWil1BaJil1Ch), 11 BO)J.Op0CJil1 (KpaCHhie 11 6yph1e) CTaJil1 no.n

Hl1MaThC.!I K nosepxHOCTl1 oKeaHa. A no Mepe pocrn ypOBH.!I 3a11111ThI OT Y<I>-113-

nyqeH11», 6naro.nap» HaJIWil1!0 030HOBOro CJIO.!!, CTaJI11 nO.!IBJl.!!ThC.!I 3eJieHhie BO)J.O

pocn11, a 3aTeM 11 paCTeHl1.!I . B 11TOre xnopocp111IJI OKa3hIBaeTC.!I He TOJihKO xopOlIIO 

a.nanT11poBaHHhIM K COBpeMeHHOMy COCTaBy aTMOCcpephl, HO 11 noMoraeT TIOMep

)1(11BaTh ero B ycTOH'll1BOM COCTO.!IH1111. 

B 3aKJIIO'leH11e, MhI xoTeJI11 6h1 BhICKa3aTu HeCKOJihKO coo6pa)l(eH11ì1 o6me

ro nnaHa. 

1. Conp51>Kett111e a6111oreHHb1x 1-1 61-1oreHHblX aKrnBHblX cpeA C03Aano B03MO>K

HOCTb o6pa30BaHH51 eAlllHblX 1-1epapx1-1YeCKHX ClllCTeM e BblAelleHHblMH Ha

npasneHH51MH K03BOJllOLl,110HHOro pa3Bl1Tl151. 

2. K03BOJllOLl,llllO conp.!!>KeHHblX nOAC11CTeM MO>KHO onpep,e11111rb Yepe3 B3alll 

MOBJlli151Hllle nocpep,CTBOM np.!!MblX (or reoccpepbl K 611ore) 11 o6parHblX (or 

61-1orb1 K 3JleMeHraM reoccpepb1) CB513ei1 s npou.ecce pa3Bl1Tl151. 3rn 1<01111e1<

r11BHb1e B03Ae1ÌÌCTBl151 Kara1111311pyt0r rncreMy 611oreOXlllMlllYeCKl1X Ll,11KJlOB, 

HOC51r HeaA,D,11Tl1BHbllÌÌ xapaKrep 11 CJly>Kar OCHOBOIÌÌ ,ll,1151 AallbHei1wei1 380-

JllOLl,1111. 

K Ba)KHhlM np»Mh!M B03,nei1CTBl1.!IM OTHOCl1TC.!I .nera3al..(11.!I 3eMJil1, np11-

se,nl1Ia.!I K cpopM11posaH1110 nepsoHa'!aJihHOH aTMoccpephI 11 rn.npoccpephi. Kn10-

qesh1M npoueccoM cn~11no cy6a3paJihHOe «x11M11<JecKoe» BbIBeTp11saH11e, B 

pe3yJihTaTe Kornporo 3a c<JeT peaKu1111 C02 e nopo.naM11 ccpopM11posanach Kopa 

BhIBeTp11saH11» [22]. Ba)l(Hettlll11M 3BeHOM B cxeMe o6paTHhIX CB»3ei1 MO)l(HO 

C'll1TaTh cpopM11poBaH11e COCTaBa aTMOCcpephl no.n .neì1CTBl1eM M11Kp06110Thl. 

KpoMe np.!!MOH npo,nyKu1111 ra3oB, BJil1.!IH11e M111<po6110ThI onpe.nen.HeTC.!I ee Ka

TaJI11T11'leCKl1M B03)J.eHCTB11eM qepe3 611oreox11M11'1eCK11e U11KJihl Ha cy6a3paJih

HOe Xl1Ml1'1eCKOe Bh!BeTp11BaH11e, HaKOTIJieH11e oca)J.KOB 11 cpopM11poBaH11e aTMO

ccpephl [23]. OcHOBHhIM nocne.ncTB11eM 6aKTep11aJihHOro u11KJia cTaJio co3,na

H11e Heì1rpaJihHOi1 cpe)J.hl 11 Kl1CJIOpO)J.HOH aTMOCcpephl. 
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Bcer.ua cymeCTsosana CBll3h U11KJia Kap6ottaToB KaJihU11ll e pacTBopett11eM 

C02 B M11poBOM OKeaHe 11, COOTBeTCTBeHHO, M0611Jil13aU11ll KaJihUHll B s11.ue 611-

Kap60HaTOB. TiepeHOC BO.U rny611HHh!MH TeqeHl1llMH B Mep11.LHIOHaJihHOM Ha

npasJieHHH np11BO.U11JJ K OTJIO)!(eHHIO Kap6oHaTa KaJJhU11ll B TenJJOM MeJIKOBO.U

HOM OKeaHe e B03BpaTOM I /2C02 B aTMOCcpepy. 0TJIO)J(eHl1e Kap6oHaTa KaJih

U11ll B cy6a3paJJhHhIX ycJJOBl1llX He .uonycKaJJO nOBhJWeHl1ll Kap6oHaTHOH 

menoqHoCTH noKa He 113pacxo.uosaH Ca
2
\ a pacTsopett11e CaC03 y.uep)J(HBaJio 

pH > 5,5 [24]. 

e nOllBJJeHtteM 3yKap110T, cnoco6HhIX K OTJIO)J(eHmo Kap6oHaTOB BHYTPH 

KJJeTKH no.11 .11eì1cTs11eM Kap6oattr11.upa3hI ( cpepMeHTa, onpe.ueJJlllOIUero CKO

poCTh ycTaHOBJJeHHll Kap6oHaTHoro paBHOBeCH51), reOXHMHqeCKHH UHKJJ KaJihUH51 

pe3KO 113MeHHJ!Cll - HaKonJieHHe Kap6oHaTOB CTaJJO 3aBHCeTh He OT OCa)J(

.ueHl1ll, a OT pacTeopett11ll. 6110T11qecK11e npouecchI onpe.uenlllOT UHKJI opra

H11qecKoro yrnepo.11a, OCHOBOH KOTOporo CJJY)J(HT o6pa30BaHHe 6110MaCChl B 

xo.ue cjJoTOCl1HTe3a. AccttMHJillUHll C02 npo11cxo.1111T s MOJJllpHOM OTHOIIIeH1111 

C02 : Copr : 0 2= I : 1 : I no peaKu1111 accHMl1JillU11H, ypaeHosew11eaeMoì1 06-

paTHOH peaKu11eì1 .UhJXaHl1ll. 

C U11KJJOM yrnepO.lla CBll3aHhl U11KJ!hl a30Ta 11 cpoccpopa B OTHOWeHl111, 

xapaKTepHOM .UJJll HX BKJJIOqeHl1ll B 6110Maccy. )],JJll M11Kpo6oB OTHOIIIeHHe 

e : N : p = 106 : 16 : I . B COBpeMeHHh!X ycJIOBl1llX JJl1Ml1Tl1PYIOIU11M 6ttore

HOM qame scero CJJY)!(l1T CBll3aHHhlH a30T, a B «npoKap110THOH» aTMOCcpepe 

MHortte npoKap110ThI acc11M11n11posan11 N2. TaKHM o6pa30M, HaKonJJeH11e CBll-

3aHHoro a30Ta Hapll.l!Y e C03.UaH11eM KHCJJOPO.UHOH aTMOccpephr 6h!JJO Heo6xo

.U11Mh!M npe.Lisap11TeJJhHhIM ycnos11eM .LIJill nollBJiemrn 3yKapHOTOB. UttKJihI N, 
S 11 Fe reHep11py10TCll 11cKJJIOq11TeJJhHO 6aKTep11llMl1. )],nll UHKJJa a3oTa uenh 

TaKOBa: a30TcjJHKCaTOphl aMMOH11cp11KaTOphl - Hl1Tp11cp11KaTOphl - .LieH11Tp11-

cp11KaTOph!. )],nll u11KJia ceph1: cynhcjJaT 11 cepope.uyKTOphI - cepo6aKTep1111 

(aHa3p06HhJe cjJOTOTpOcjJHhl e 11 a3p06Hhie THOHOBh!e). )],JJll U11KJia )J(eJJe3a: 

a3p06Hhie )J(eJJeJ06aKTep1111 11 aHa3po6Hhie )J(eJie3ope.LiyKTOphI. Bo speMeHa 

pattHett reo611occjleph1 06pa3osaH11e )J(eJJe3opy.l!HhIX cjlopMau11ì1 11 cynhcjJaTOB 

OKe_aHa IIIJJO no nyTH OT Fe
2
+ K Fe20 3 + Fe30 4 11 OT H2S K H2S0 4 , np11qeM Ka

)1(.UhIH 113 3THX npoueccoB nocJiy)J(HJI CTOKOM .l!Jlll 42-45% 0 2 B .LIOJJrott l1CTO

p1111 3eMJIH (24] . 

3. B3aHMOAeikTBHH B CHCTeMe reo- H 6Hoc4Jepb1, KyAa 6onee CJlO>KHble, 4eM 

B3aHMOAeHCTBHH B rpo4JH4eCKOH 4eno4Ke «XHW,HHK H >t<eprna», onpeAeflHJlH 

HepaBHOMepHOe, CKa4K006pa3HOe HJlH BOJlHOBOe pa3BHTHe reo6Hoc4Jepbl. 

HbtHeWHHe noroAHbte aHoMaJlHH HflH KflHMaTH4eCKHe L\HKflbl, socnpHHHMae

Mbte HaMH KaK AOJlrospeMeHHble, OKa3blBalOTCH 4pe3Bbl4aHHO 6b1CTpOTe4Hbl

MH no cpaBHeHHIO e HeMOHOTOHHblMH npou,eccaMH, HMeBWHMH MeCTO B reo

cctJepe 3eMJlH 6onee ABYX MHJlJlHapAOB JleT Ha3aA. KOrAa noCJle npOAOJl>KH

TeJlbHOro nepHOAa CTa6HJlH3aLJ,HH pe3KO B03POCJla KOHLJ,eHTpaU,HH KHCllOPOAa 

B 3eMHOH aTMocctJepe H 61-1oc4Jepa Ha4aJla Ka4ecrneHHO HOBblH BHTOK >KH3HH. 
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5.2. 3BOJIIOUIUI opraHH3MOB H coo6rn:ecTB 

... Bo scex 6HO/\OfH4eCKHX CHCTeMaX HMeeTCA ..• 

B3aHMOAei1CTBHe pa3HblX l.lHMOB pery/\Rl.lHH, BeAY~ee 

K caMopa3BHTHIO CHCTeMbl COOTBeTCTBeHHO AaHHblM 

ycAOBHAM cy~ecrnosaHHA •.. 

5.2.1. I1onym1UHOHHa5I ,UHHaMHKa 

KaK peaKTOp MHKp03BOJIIOUHH 

/11. /11. WMa/\bray.JeH 

5 .2.1.1. I1om1n1e «rrorrymn.uurn: «TpH JICToqmIKa 
H TPJI cocTaBHhie qacTH» 

B 6110JTorn11 npe.uwecrnosaswero JJ:aps11Hy nep110.ua npeo6Jia,UaJia KOH

uenr.(11.!I, cornacHo KOTopoi1 «npespal.ll,eH11e» O.UH11X opraHl13MOB B .upyr11e pac

cMaTP11BaJTOCb, npe)!(.ue scero, KaK 113MeHeH11e xapaKTepHoro «T11na», a pa3IIl1-

ql1j{ )!(e Me)!(.uy oco6.HMl1 O,UHOro 011.ua KaK HeK11e OTKJTOHeHl1j{ OT q11cTOH Jil1Hl111 

:noro «T11na». JJ:aps11H c.ueJiaJI 3Tl1 OTKJIOHeH11.H 6aJoi1 csoei1 Teop1111, nocKOJibKY 

11MeHHO pa3Hoo6pa311e oco6ei1 B nonyJI.!11..(1111 .uaeT B03MO)!(HOCTb O.UH11M oco6.HM 

Bbl)!(l1Tb 11 OCTaBl1Tb nOTOMCTBO B ycJIOBl1.!IX KOHKypeHL\1111, a .upyr11M HeT. l1 eme 

O,l\11H cyl.ll,eCTBeHHblH MOMeHT: CBOHCTBa, npO.!!BJI.!llOll.(11eC.H Ha ypoBHe nonyJI.H

l.\1111, e O.UHOH CTOpOHbl, CKJia,UbJBaJOTC.!I 113 CBOHCTB pa3Hb!X oco6ei1, a e .upyroì1 

cTopoHhl, cKJia.UbIBaJOTC.H ttea.u.u11T11BHO. B 1903 r . .uaTcK11i1 retteT11K B. Horau

uceu snepsb1e yn0Tpe611JI TepM11H «nonyJI.Hl.\11.H» .UJI.H o6o3HaqeH11.H rpynnh1 

oco6eH., HeO,UHOpO,UHOH B reHeT11qeCKOM OTHOWeHl111, 11 TaK)!(e snepBbJe np11Me

Hl1Jl KOMTIJleKC reHeTWleCKl1X 11 CTaT11CT11qecKl1X MeTO,UOB ,l\Jl.!1 113yqeHl1.!1 CTpyK

TYPhI nonymu1111 caMoonblJl.HJOLU11XC.H opraHl13MOB (ceM.HH <Pacon11 Phaseolus 

vulgaris). TaK11M o6pa3oM, HoraHHCeH reHeT11qecK11 Heo.uttopo,UHbJe (reTepo

reHHb1e) nonymu1111 npOTl1BOnOCTaBl1Jl O,UHOpO,UHbIM 'lUCmblM JlUHUflM, B KOTO

pbIX HeB03MO)!(eH OT6op. 0.uHaKO 11,Ue.H 11CilOJib30BaTb xapaKTep11CT11Kl1 11.ueaJib

HOH nonym1u1111 .UJI.H np116JI11)!(eHHoro aHanHJa peanbHbJX ycnos11i1 He ocrnsn.Hna 

yqeHhIX. B 1928 r. A. C. Cepe6pOBCKHH co3.uaeT yqem1e o rei-Io<PoH.ue. B TeL1e

H11e 1920- 1950-x rr. <t>opM11pyeTC.!1 OKOHqaTeJlbHO IlOH.!ITMe «M,UeaJibHOH nony

Jl.!ll.\1111», Ha OCHOBaHl111 KOToporo pa3BMBaeTC.!I MaTeMaT11qecKa.H reHeT11Ka 

(CbJOeJIJI PaifT, PouaJihA <l>urnep, )l,"'o" XoJIL(eitu 11 .up.). 

AHrJIHHCKl1H MaTeMaTl1K r. XapL(H ( 1908) C03)laJI MaTeMaTl14eCKYIO MO

.uenh ,l\Jl.!1 OilMCaHH.!I reHeT11qeCKOH CTpyKTypbl naHMUKmUl./eCKOU nonyllfll{UU -

nonyJI.Hl.\1111 CB060)lHO CKpemirnaJOll.(11XC.!I pa3)leJlbHOTIOJlblX opraHl13MOB, a He

Mel.\KHH spaq B. Baitu6epr B TOM )!(e ro.uy He3as11c11Mo co3.uan aHanornqHyIO 

Mo.uenh. B pe3yJibTaTe o6be)lHHeHH.H 3THX yc11n11H. nO.HBl1JIC.H 3GKOH nony!lfll{U

OHHOU zeHemuKu Xapòu- Baì'1.116epza. 
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3aKOH onHChIBaeTCJI ypaBHeHHeM: 

p2 + 2pq + q2 = I, (5 .17) 

r.ne p 2 - .nonJI roM03HroT no O.llHOMY H3 am1enefi, p - qacTOTa ::noro anneJIJ1, 

q 2 - )lOJIJI rOM03HrOT no aJihTepHaTHBHOMY annemo, q - qaCTOTa COOTBeTCT

sy10mero annenJ1, 2pq - .llOJIJI reTepo3HroT. 

l1HhIMH CJIOBaMH, 3aKOH .neHCTByeT B H)leaJihHhIX naHMHKTHlfeCKHX nony

JIJIUHJIX, COCTOJIIUHX H3 6eCKOHelJHOro lfHCJia oco6efi H npH OTCYTCTBHH cpaKTO

poB oT6opa (pHc. 5.12). EHonornlfeCKHH CMhICJI 3aKOHa Xap.nH-BafiH6epra 

1aKJI10qaeTCJ1 B cne.ny10meM : npouecc Hacne.nosaHHJI He BJIHJ1eT caM no ce6e Ha 

qacTOTY annenefi B nonyJI51UHH, a B03M0)1(HhJe H3MeHeHHJI ee reHeTHlfeCKOH 

CTPYKTYPhI B03HHKaIOT scne.ncrnHe .npyrnx npH1IHH (Ta6n. 5.8). 

"taCTOTa 

reHOTMnOB aa (q') 1 -rQ. / .... ..... . 

o.a 
0.6 

0.4 

0.2 
o 

AA (p') 
····-···-- -·-"' 

p-0 0.1 0.2 0.3 0 .4 0.5 0.6 o. 7 0.8 0.9 1 
"taCTOTa 

q.1 o.9 o.8 0.1 o.6 o.5 o.4 o.3 0.2 0.2 o anneneliii 

P11c. 5.12. 3aKoH Xap.Q111-Ba~H6epra .Qml ABYX annene~ 
(Ka>K,QaH Kp111885l COOTBeTCTByeT O,[IHOMY 1113 rpex B03MO>KHblX reHornnos) 

Ta611114a 5.8 

XapaKrep111crnK111 111.QeanbHblX 111 peanbHblX nonynH~lll~ 

&eaJJhHaH nonyJJHI.IHH PeaJJbuaH nonynm.1uH 

1IHcneHHOCTh norrymn.(HH 6eCKOHC4HO Be- TionyJIJIUHJI COCTOHT 113 KOHC4HOro 4HCJI3 

JIHKa " He 33BHCHT OT B03M0)1(H0H n16enu oco6eì1 

qaCTu oco6eì1 

TiaHMHKCHJI - OCHOBa p33MHO)l(CHHJI no- CymecTByIOT p33JIH4Hhie TunhI 

nyJIJIUHH; nonosoì1 .ump<Pepettuuauuu u 

OTCYTCTByer nonosaJ1 .uu<P<PepettuuauuJ1 cnoco6h! p33MHO)l(CHHJI 

B 11orrynJ1uu11 orcyrcTByIOT MyrauuH u Myrauuu " CCTCCTBCHHhIH OT6op IlOCTO-

ecreCTBCHHhIH OT6op JIHHhl H IlOBCCMCCTHhl 

TionyJIJIUHJI <PeHOTHIIH4CCKH 0.UHOpo.uHa TiorryJIJIUHJI <PeHOTHIIHt.[CCKH HCO.UHOpo.uHa 

TiorryJIJIUHJI H30JiupoBaHa OT .upyrux 110- l130JIJIUHJI H MHrpaUHJI norryJIJIUHH 803-

nyJIJIUHH .ll3HHOro su.ua MO)l(HbIC, HO He o6Jl3aTCJihHhIC ycJIOBHJI 
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TI03)f(e r1em1e o HeOJ.(HOpO)mocrn: rrorrymn.111ì1 pa3Bl1Jl pOCCl1HCKl1H 611011or 

C. C. qeTBepHKOB. Ero pa6ornì1 «0 HeKOTOpbIX acrreKTaX 3BOJJIOUl10HHOro 

rrpouecca e TO'IKl1 3peHID! cospeMeHHOH retternK11» (1926) 6bwo rro11o)f(etto Ha

'laJJO cospeMeHHOH 3BOJlIOU110HHOì1 11 nonym1u110HHOH retteT11K11. B Hawdi 

CTPaHe y<1eH11e o rrorrym1um1x pa3Bl1BaJJOCb B pa6oTax Il. Il. IIIMam,ray3eua 
(rrorrym1um1 paccMaTP11sa11acb KaK 111eMeHTapHa5l eJ.(11H11ua 3BOJJIOUl10HHOro 

rrpouecca), A. H. KoJIMoropoea (aHamn11posa1111cb cJiy<1aì1HbJe rrpoueccbI B rro

rrym1u1151x) 11 npyr11x y<1eHbIX. OnHaKo B 6011bWl1HCTBe cnylfaes rrorry1151u1151 pac

cMaTP11Ba11acb e 3KOJlOrl1lfeCKOH TO'IKl1 3peHl151 (Harrp11Mep, KaK cpopMa cywecT

BOBaH1151 s11na s pa6ornx C. C. Wsapua). Ho TOJJbKO 611aronap51 Tpy.uaM H. B. Tu
MolJ>eeea-Pecoecicoro 11 ero COTPYJlHl1KOB <PopM11pyeTc5l c11HTeT11'!ecK11ì1 rronxon 

K orrpene11eH1110 rrorrym1u1111 KaK 3Ko11oro-reHeT11lfecKoì1 c11cTeMbI. 

B HaCT051ll.(ee speM51 cymecTBYIOT Tp11 OCHOBHbIX rronxona K orrpene11ett1110 

IlOH51Tl151 «rrorrym1u115l»: 3KOJlOfl1'!eCK11H, reHeTl1'1eCKl1H 11 Cl1HTeTl1lfeCKl1H. 

1. 3KOll02U'leCKUU nOÒXOÒ. C TOlfKl1 3peHIUI 3K0Jl0fl111, IlOITY1151U1151 - 3TO 

COBOKynHOCTb oco6eì1 O}lHOfO Bl1}la B rrpene11ax OJlHOfO 611oueH03a, T. e. ueJJOCT

Ha51 BHyTp11Bl1JlOBa51 rpyrrrr11pOBKa, KOTopoìi COOTBeTCTByeT Ml1Hl1MaJlbHa51 pea

Jll130BaHHa51 3KOJJOrHlfeCKa51 H11wa. TaKyIO rpynrry oco6eì1 rrp11H5ITO orrpeneJUITb 

KaK 3KOJior11lfecKa5l, 111111 JJOKaJJhHa51 rrony1151uJU1. IIon pean113osattttoì1 H11weì1 

IlOHl1MaeTC51 <PaKTHlfeCKa51 COBOKYITHOCTb rrpOCTPaHCTBeHHO-BpeMeHHb!X 11 3KO

Jl0fl1lfeCKl1X yc11os11ì1, B KOTOpblX cymecrnyeT 11 BOCIIp0113BOJll1TC51 rronyJI51U1151 . 

ECJil1 )!(e pelfb 11}leT TOJibKO o BOCilp0113BOJlCTBe norry1151u1111, TO Mb! 11MeeM ne110 e 

pereHepau110HHOH H11weì1 - COBOKYIIHOCTblO npOCTPaHCTBeHHO-BpeMeHHb!X 11 

3KOJlOfl1lfeCKl1X yc11os11ì1, He06XOJll1MblX JlJUI BOCIIp0113Be}leHl1H norryJI51Ul111 . 

.[(m1 Ka)!(JlOH norry1151u1111 xapaKTepett csoìi rrpocTpaHCTBeHHo-speMeHHOH 

l1HTepsa11, Il03TOMY IIOH51Tl1e «3KOCl1CTeMa» 6yneT sapb11posaTb JlJUI pa3Hb!X 

nonym1u11ì1 . Harrp11Mep, s cMewaHHOM 11ecy cpentteìi rro11ocb1 onHospeMeHHO 

0611Ta10T rrorry1151u1111 rneìi ( Cinara pini), 11eCHbIX rroJieBOK ( Clethrionomys 
glareolus) 11 11oceì1 (Alces alces). Tm1 MO)f(eT BCIO csoIO )!(113Hb rrposecT11 Ha 

OJ.(HOH XBOl1HKe COCHbl, BbICaCbJBa51 COK11 113 ee TKaHeì1, 11, CJie}lOBaTeJibHO, 3KO

Cl1CTeMOH rrorry1151u1111 TJleH MO)f(eT 51BJl51TbC51 0JlHO-e}l11HCTBeHHOe nepeso, rro

rrym1um1 pb!)f(eH JleCHOH IlOJieBKl1 - }leC51TKl1 11 COTHl1 KBanpaTHblX MeTpOB, a 

rrorrym:ru1111 JlOC51 - COTHl1 11 Tb!C51lfl1 KBanpaTHbIX Kl1JlOMeTpOB. BpeMeHHOH 

MaCnJTa6 cymeCTBOBaHl151 3Tl1X IlOIIYJI51Ul1H TaK)f(e pa3Jll1lfeH : caMKa TJil1, pa3-

MHO)f(a51Cb rrapTeHoreHeT11'leCKl1, CIIOC06Ha 3a OJ.(11H JieTHl1H ceJOH naTb IlOTOM

CTBO 6011ee I 000 oco6eì1; o6mee '111CJIO IIOTOMKOB O}lHOH rrapbl IlOJleBOK MO)f(eT 

JlOCTl1fHyTb 30- 50 oco6eì1 B ron; a JaMeTHbie 113MeHeHl151 lfl1CJleHHOCTl1 rrorry

Jl51U1111 JIOCeìi np011CXOJl51T B rrep110Jlbl, 113MepHeMbie nec51Tl1JleTl151M11 [25]. 

2. I'eHemu'leCKUU noÒXOÒ. C TO'IKl1 3peHH51 reHeTl1Kl1, IlOITYJl51Ul151 - 3TO re

HeT11lfeCKa5l CHCTeMa, 0611ana10ll.(a5l 11CTOp114eCKl1 CJI0)!(11BWeì1c51 reHeTH'leCKOH 

CTPYKTYPOH. OcHOBHbie rroJJO)f(eH115l rrorrym1u110HHOH reHeTHKH CJJO)f(l1Jll1Ch Ha 

OCHOBaHl111 113YlJeHIDI rrp11pO,ll,Hb!X 11 MO}leJlbHblX norrymiu11ì1 Bb!CWHX pa3JlellbHO

IlOJibIX )!(11BOTHbIX (MOJlJl!OCKOB, HaceKOMbIX, Il03BOHOlfHb!X), KOTOpbie BOCilp0113-
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BO.LVIT ce6JI e IIOMOil\hlO HOpMaJJhHOfO IIOJIOBOfO pa.3MHO)l(emui, HJUf 06be.rurnemu1 

)l(eHCKHX 11 M)')KCKHX raMeT. B TaKHX CJij"IMX rpyrrrr11pOBKa oco6eì1, crroco6HhIX 

CKpell{HBaThCJI MeJK.Qy co6oì1 11 npOH3BO.D.11Th )1(113Hecnoco6Hoe IIOTOMCTBO, Ha.3hI

BaeTCJI reHeTWiecKoii, 11JIH MeH.neneeBcKoii nonym11..{11eì1. B paMKax reHeT111-1ecKo

ro no.nxo.na Bhr.neJIJieTcJI npe.ncTaBJieH11e 06 11.nea.rrhHOH norrynJILIHH. 

Ka)l(.naJI norryJIJILll1JI o6na.naeT co6crneHHoì1 reHeT11GecKoì1 CTpyKTypoii, 

onpe.neJIJieMOH 11CXO.D.Hh!M COOTHOII1eH11eM aJIJieJieH, ecTeCTBeHHhlM OT6opoM 11 

3JieMeHTapHh!Ml1 3BOJIJOL1110HHhIMl1 Q>aKTOpaM11 (MyTal{l10HHhIM npol{eCCOM 11 

.naBJieH11eM MYTaL111ì1, 1130JIJIL111eì1, norryJIJILll10HHhIMH BOJIHaM11, reHeT11Ko-asTo

MaTHGecK11M11 npOL1eccaM11, M11rpaL1HJIMH 11 .np.). 0CHOBOIIOJIO)l(Hl1K yqeHHJI o 

reHoQ>oH.ne 11 reHoreorpaQ>11H A. C. Cepe6poBcKuìi Ha.3h!BaJJ reHoQ>oH.D.OM «CO

soeynHOCTh scex reHoB .naHHOro 011.na» ( 1928). 0.nHaKo 3TO Bh1pa)l(em1e s Ha

cTm1mee speMJI 11cnoJih3YeTcJI .D.JIJI onpe.neneH11ll reHeT11GecKoro rroTeHL1l1aJTa, a 

zeHo<jJOHÒOM Ha.3hIBaJOT COBOKYIIHOCTh scex reHOTl1IIOB B nonyJilll{l111. Ilpe.ncTaB

JieHl1e o reHeTWieCKOM COCTaBe rrorryJIJILll1l1 0Ka.3hIBaeTCll Ba)l(Hh!M np11 OL{eHKe 

KOJie6aHl1H Gl1CJieHHOCTl1: rrpl1 MaKC11MYMaX Gl1CJieHHOCTl1 B norryJIJIL{l111 MOfYT 

.ll0Ml1HI1pOBaTh oco6l1 0.D.HOro reHOTl1IIa, a rrpl1 Ml1Hl1MYMaX - .npyroro [25]. 

3. CuHmemu'lecKuu noòxoò paccMaTp11BaeT rronyJIJIL111JO KaK 3KOJioro

reHeTl1GecKoe e.n11HCTBO. B KOHTeKcTe 3Toro rro.nxo.na norryJIJIL1l1JI ecTh Ml1Hl1-

MaJihHaJI caMOBOCIIp0113BO.llllll\aJICll rpynn11pOBKa oco6eì1 O.D.HOfO Bl1.D.a, 6onee 

l1Jll1 MeHee l130JII1pOBaHHaJI OT .npyr11x no.no6Hh!X rpyrrnl1pOBOK, HaCeJil!JOILlaJI 

orrpe.neneHHhIH apean B TeGeH11e .nn11TeJihHOro pJI.na rrOKOJieHl1H, 06pa3ymmaJI 

co6crneHHYJO reHen1qecKyJO c11cTeMy 11 Q>opM11pymmaJI co6crneHHYJO 3KOJIO

r11qecKyJO Hl1IIIy. KpoMe Toro, nonyJIJILll1JI ecTh .n11cKpeTHaJI Q>opMa cymecTso

BaHirn B11.na 11 3JieMeHTapttall e.n11H11L1a 3BOJIJOL1l1l1. Ilocne.nH11e .nBa yToqHeHl1JI 

o6be.D.l1HJIJOT cymecTsymm11e no.nxo.nhr K onpe.neneH11JO cyT11 nonyJilllll1H. Ecn11 

BO BpeMeHa L{apB11Ha e.nl1Hl1L{eH 3BOJIJOL{l1l1 cqJ1TaJJaCh OC06h, TO B HaCTOJill{ee 

BpeMJI 3TO MeCTO 3aH11MaeT coo6meCTBO oco6eì1 B nonyJIJIL{l1l1. I1 CBJI3aHO 3TO e 

TeM, qTo oco6h, 6naro.napJI MyTal{l1JIM, MO)l(eT Jll1lllh He3HaGl1TeJihHO l13MeHl1Th 

reHoQ>oH.n 3a CGeT HOBhIX 11Jll1 l13MeHeHHhlX reHOB, HO 3Tl1 MYTaHThl He cno

co6Hhl cymecTBeHHhIM o6pa30M IIOBJil1l!Th Ha cy.nh6y Ml1JIJI11ap.nos reHOB B re

Ho<PoH.ne - none .nel!TeJihHOCTl1 CJil1IIIKOM He3Haq11TeJihHO. I1MeHHO 3TO 11MeJI 

BBl1.llY 3. Maup, Kor.na yrnep)l(.nan, qTo oT.nenhHaJI oco6h He o6na.naeT co6CT

BeHHOì1 3BOJIJOL{l10HHOH cy.nh6oì1, a IIOTOMY 3BOJIJOL{l1JO MO)l(HO paccMaTpttBaTh 

TOJihKO KaK 113MeHeH11e reHoQ>oH.na nonyrrJIL1l1l1 [26]. 

H. B. TnMo«tieeB-PecoBcKnìi onpe.neJIJIJI <<ypOBHl1 )1(113Hl1 3BOJIJOL1110HHoro 

npoQecca» cne.nymm11M o6pa3oM: MOJieKyJIJipHo-reHeT11qecK11ì1, OHToreHeT11qe

CKl1H (I1H.D.11Bl1.D.YaJJhHOe pa.3Bl1Tl1e opraHHJMa OT onrro.nornopeHl1JI, rrp11 IIOJIOBOM 

pa.3MHO)l(eHl1l1, l1Jll1 OT MOMeHTa OT.nerreHl1ll OT MaTepl1HCKOH oco611, rrpH 6ecrro

JIOM pa.3MHO)l(eHl111, .no CMepTtt), norryJ1JIL1110HHO-Bl1.D.OBOH, 611ol{eHOTl1GeCKl1H l1 

611ocQ>epHh1ì1 [27]. B KOHTeKcTe s3a11Mo.neì1cTBl1ll opraHl13MOB MeJK.Qy co6oì1 11 

cpe.noH: 0611rnHHJI Hac 11HTepecyeT, npeJK.Qe scero, ponh norryJIJIL111i1 KaK 3JieMeH

TapHhIX CTPYKTYP B npoQecce 3BOJIJOL11111 3KOCl1CTeM. Ilpl1HJITO BhI.D.eJIJITh .nsa 
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3somou110HHbIX yposm1 - MaKp03Bomou11» 11 M11Kpo3somou11». Y)!(e )J.Jil1TeJib

Hoe speM» 11AeT A11CK)'CCHR o co.nep)!(aHl111 3Tl1X nOHRTl1H, HX rpaHHUaX H CO'll1-

TaeMOCTH B onHCaHHl1 o6mero npouecca 3BOJIIOUHH. (B '!eM-TO 3Ta cmyauH» Ha

nOMHHaeT npo6neMbI cpH3HKl1, Kor,na npoueccb1 3BOJIIOUH11 sceneHHOH paccMaT

p11sa10TCH He TOJihKO Ha MaKpo-, HO 11 M11KpoyposHe.) Onpe.nenHMCH s nOHRTHRX. 

MuKp0360fllOlJUR (TepMHH npe)J.JIO)!(eH 6oTaHl1KOM P. r. JIHBHTTOM B 

1909 r.) npe.nnonaraeT pacnpOCTPaHeHHe 3BOJIIOUHOHHbIX H3MeHeHl1H, np11so

Mlll'HX K A11BepreHUl111 BHJ'TPl1 BHAa 11, B KOHe'IHOM 11TOre, K B11A006pa3osa

Hl1IO, Ha nonyJI»U110HHOM yposHe. 

M1i1Kpo3sontol..llilH ocyll.1eCTB/1HeTrn s npe.nenax noKanbHO socnpolil3BOAHL11"1XCH 

nonyns:ll.("1H, C/leAOBaTe!lbHO, nonynHl..llillO MO>KHO onpeAe/lITTb KaK COBOKynHOCTb 

oco6eH OAHOro BlilAa, B AOCTaTOYHOH CTeneHlil lil30!11i1posaHHYIO BO speMeHlil lii 

npoapaHCTBe OT aHaJ10r"14HblX COBOKynHOCTeH 3TOro BlilAa, lilMelOLl.jYIO 06ll.(ee 

npo111cxo>KAeH111e 111 cnoco6Hy10 K caMosocnpo1113seAeH11110. 

Tpueòw1cmeo OCH06HblX C60UCm6 nonyflRlJUU MO)!(HO onpe.neJUITb CJieAy!O

IU11M o6pa30M: nonyJIHU11H - 3TO COBOKynHO 3BOJIIOU110HHa», penpOAYKTl1BHa» 

11 3Koc11cTeMHaH e.n11H11ua. BHe 3as11c11MocT11 OT cnoco6a onno.noTsopeH115!i'ciq>e

ru11saHHH, nonyAAUHR HBAAeTCH penpO.nyKTHBHOH eA11H11UeH. KaK B11AHO HX Bh!We

nepe'111CJieHHb!X T11nos nonynHU11H, JIOKaJihHaH nonynHUH» KaK penpOAYKTl1BHM 

eAl1HHUa, xapaKrep113yeMM OTCJ'TCTBl1eM nOJIHOH 1130AAU11H, - 3TO HaHMeHbWl1H 

no q11cneHHOCTH H npocTPaHCTBeHHOMY pacnoJIO)!(eH1110 T11n. Cne.nosaTeJibHO, 

11MeHHO Ha 3TOM ypOBHe, 6naro.nap» M11rpau1111 11 noTOK)' reHOB, 3aKJia,nhIBa!OTC» 

OCHOBbl B11A006pa30BaHHR B rpaH11uax 6110JIOrn'leCKOro B11Aa. 

TiocKOJihKy, cornacHo onpe.neneHHIO, nonyn»U11H xapaKTep113YIOTC» o6ru

HOCTbIO B3al1MOCBH311 reHOTHn - cpe.na, nonyn»U11» - 3TO 3KOCUCmeMHaR 

eÒuHu4a, a COCTaBJIRIOIUl1e ee oco6H reHOTl1nW-IeCKl1 CXOAHhl no csoeii 3KOJIO

rH'leCKOH TonepaHTHOCTH, 3aHHMa!OT onpe.neneHHYIO 3Konor11qecKyIO H11wy 11 

nOCTO»HHO BCTyna!OT B MHOronJiaHOBbie OTHOWeHH» e nonyJI»UHHMl1 Apyr11x 

BHAOB. KaK ueJIOCTHaH Cl1CTeMa nonyJIHU11» MO)!(eT 6b!Tb ycTOH'll1BOH TOJihKO 

npH TeCHbIX KOHTaKTaX H pa3Jil1'-IHbIX cpopMaX B3aHMOAeHCTBl1H oco6eì1. Ha

np11Mep: napHOKOnhITHhJe MOr)'T a.neKBaTHO npOTHBOCTOHTb Xl11UHl1KaM TOJlbKO 

c611saHCh B CTaAO, np11 3TOM Ha nep11cpep11Ì1Hble rpaH11Ubl BbITeCHHIOTC» CTa

pbie 11 60JihHhre oco611; s necHbrx coo6mecTsax, KaK npas11110, no.npocT .ne

pesheB nyqwe pacTeT s rpynnax 11 T . .n. 

flonyflRlJUR KaK 3JieMeHTapHa» e.n11H11ua 3BOJIIOU110HHOro npouecca xapaK

Tep113yeTc», e OAHOH CTOpOHhI, zeHemulfecKuM eòuHcm eoM, a e .npyroii - ze

HemulfeCKOU zemepo2eHHocmb10 B npe.nenax e.n11Horo reHocpoH.na. reTeporeH

HOCTb C03AaeT Ba)!(Hb!H AJI» 3BOJII01]1111 pe3eps HacJieACTBeHHOH 113MeH'-!11BO

CTl1, onpe.ne11»101Ueì1 np11cnoco6AAeMOCTb nonyn»u1111 K ycnos11HM cpeAhI. 

I>11oreoueH03 11 nonynHu1111 CBH3aHhI qepe.noì1 npHMbIX 11 o6paTHbJX CBH-

3eJ1, 11 B 3as11Cl1MOCTl1 OT cpyHKU110HaJibHOH 3Ha'-!11MOCTl1 3Tl1 CBH311 MOryT 6hITb 

KaK npHMhrM11, TaK 11 o6paTHbIMl1. TaK, 113MeHeH11e 611oreoueHOT11'-!ecKoì1 cpe-
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nhI sneLifa 3a co6of\ 113MeHem1e reHeT11L1ecKoro cocTasa 11 CTPYKTYPhI rrorrym1-

u1111, ee 411CJieHHOCTl1, lIJIOTHOCTl1 11 apeana. B CBOIO OL!epe,!lh, B rrpouecce 

lKl13Hene5!TeJihHOCTl1 lIOITYJI5IU115! B03,!leHCTByeT Ha BCe yp0BHl1 cpe,!lhl 11, B 4a

CTHOCTl1, BJil15!5! Ha LI11cneHHOCTh 11 CTPYKTYPY npyr11x s11nos, cnylK11T cpaKTo

poM, KoppeKT11pyIOIUl1M 3BOJIIOU11IO 611oreoueH030B. 

TaKHM o6pa30M, nonynm.1,1-151 npe.n.crasnHeT co6oi1 He xaornYHOe CKonneHHe oco-
6ei1, a crpyKryp1-1poBaHHOe, u,enocrHoe, ycroHYHBOe o6pa3oBaHHe - Ha.n.opraH1t13-
MeHHYIO rnCTeMy, B rpaHHU,ax KOTOpOH reHernYeCKOe H MOpcjlocjJH3HOJlOrH4eCKOe 
pa3H006pa31t1e oco6ei1 B nonyJ15lU,Hlt1, a TalOKe HeO,D,HOPOAHOCTb H lt13MeH4HBOCTb 
(oco6eHHO s yCJlos1-1six np1t1po.n.Ho-aHrponoreHHblX 3KorncreM) cpe,D,bl 061-1raHH5l 

(61-1oreou,eH030B) cjlopM1-1py10T CTPYKTYPHo-cjlyHKU.HOHallbHYIO o6UJ,HOCTb nonynsiu,1-1i1. 

5 .2.1.2. .lJ:1rnaMMKa q11cJieHHOCTM 

II IIJIOTHOCTII nonymni;Mìf 

LfucJ1eH1wcmb nonyJ1R4uu/suiJa orrpenen5IeTc5! KaK 06ma51 L111cneHHOCTh 

11J111 KaK 'Il1CJIO lIOJIOB03penhIX oco6efi, crroco6Hh!X K pa3MHOJKeHl1IO B KaJK,!lOM 

lIOKOJieHl111 - perrponyKTl1BHhIH lIOTeHu11an rrorryJI5IU1111 (srrepBble 3TO lIOH5!

Tl1e 6hrno sseneHo 113BeCTHhIM reHeT11KoM 11 cTaTHCTl1KOM P. A. <l>nmepoM). 
Ilp11 3TOM 411CJieHHOCTh rrorryJI5IU1111 cyiueCTBeHHhIM o6pa30M 3aBl1Cl1T OT 

ITJIOTHOCTl1 KaK naHHOH lIOITYJI5IU1111, TaK 11 scero coo6mecTBa B 611oueH03e. 

«CrpaTer114ecKa5! 3anaLia» JII06ofi rrorryJI5IU1111 COCT011T B coxpaHeHl111 Tepp11TO

p1111 11 OIITl1MaJihHOH 411CJieHHOCTl1, KOTOpa5! onpenen5IeTC5! poJK,naeMOCThlO, 

CMepTHOCThIO, IIOJIOBOH H B03paCTHOH CTpyKTypOH 11 cpaKTOpaM11 cpe,!lhl. 

PoJ1Cdae.Mocmb - 3TO L111cno oco6eìi - !'!.Nn, ponHBIIIl1XC5! B nonyn51u1111 

3a rrpoMeJKyTOK speMeH11 M. Pa3n11LiaIOT a6conIOTHYIO - !'!.N,/M (Kon11L1ecrno 

oco6eì1, pon11BIIIl1XC5! B norryn51u1111 3a en11H11uy speMeHH) 11 ynenhHYIO polK

naeMOCTh -11N,/Nl1t (KOJ1114eCTBO oco6eì1, pon11BIIIHXC5! B lIOIIYJI5IU1111 3a en11-

Hl1UY BpeMeHl1, OTHeCeHHOe K o6meMy '-111CJIY oco6eì1 N B HaLiane npoMeJKyTKa 

speMeHl1 11t) [25]. IloCKOJlhKY B TeL1eH11e npoMeJKyTKa 11t BeJIHL!HHa poJK,naeMO

CTli MOJKeT sapbttposaTh, poJK,naeMOCTh BhIC411ThIBaIOT rrp11 11t --+ O. B 3TOM 

cnyLiae BhipaJKeH11e 11N,/Nl1t rrpHHHMaeT BH,ll. dN,/Ndt = b, rne b - MrHOBeH

Ha5! ynenhHa5! poJK,naeMOCTh. IIp11 3TOM poJK,naeMOCTh 3as11c11T OT non11 B rrony

JI5IUHH oco6eìi, rrp11HHMaIOJUl1X Y4aCTHe B pa3MHOJKeHl111, IIJIO,!l0Bl1TOCTl1 11 LiaC

TOThl perrponyKTl1BHhIX UHKJIOB. 

B ecTecrneHHhIX ycnoBH5IX poJK,naeMOCTh B KaJKnoì1 rrorryn51u1111 ypaBHO

BeIIIeHa xapaKTepHoì1 ,nn51 Hee cMepTHOCThIO. CMepmHocmb xapaKTep113yeT CKO

pocTh y6hrnaHH5! 411CJieHHOCTH IIOITYJI5IUHH BCJie,!lCTBl1e r116en11 oco6eì1 OT XHJU

HHKOB, 6one3Heì1, rrapa3HTOB, reHeTHL!eCKOH H cpH3HOJIOfH4eCKOH HeITOJIHOUeH

HOCTH, CTapOCTH 11 T. II. l1 MOlKeT 6hITh orrpe,neneHa KaK L(HCJIO oco6ei1 !'!.Hm, 
nortt6III11x 3a speM5! 11t. AHanorttLIHO oueHKe polKnaeMOCTtt, pa3JIHLiaIOT a6co

JIIOTHYIO (11Nm111t), y,neJihHYIO (!'!.Nm/NM) l1 MrHOBeHHYIO ynenhHyIO CMepTHOCTh 

(d = dNmfNdt). PaJHOCTh polKnaeMocrn tt cMeprnocrn (r) - 3TO CKopoCTh Ha-
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6mo.uaeMoro H3MeHeHHll qHcJieHHOCTH nonyJilll.(JHI. CooTBeTCTBeHHO ocHOBHoe 

ypasHeHHe .llHHaMHKH q11cJieHHOCTI1 nonyJilll.(HH 3an11chrnaeTCll KaK r = b - d. 
B cTa6HJihHOH nonyllill.(HH TeMIIhI pO)!()laeMOCTH 11 cMepTHOCTH c6aJiaHc11posa

Hb1. ITp11q11HbI BhIMI1paHI1ll opraHI13MOB MHoroq11cJieHHbI ( cKopoCTb pa3MHO)!(e

Hl1ll, COKpall.(eHHe ecTeCTBeHHbIX MeCT ofonaHHH, HHBa3HHHb!e BH)lbl, aHrpono

reHHhie B03)leHCTBI1ll l1 T. )l.). Ho oqeBH)lHO, qTo K KOHUY xx B . CKOpOCTb Bbl

MI1paHI1ll BJJ)lOB Ha 2 - 3 IIOpll)lKa npeBb!CHJia aHaJIOrl!l.jHblH IlOKa3aTeJih )lO 

IIaJieOJIHTa. )J,nll Ka)!()lOro BH)la opraHI13MOB cymecTsyeT HeKOTOpall MaKCHMaJib

HO B03M0)!(Hal! npO)lOJI)!(l!TeJihHOCTb )!(l13HH, KOTOpall sapb11pyeT B oqeHb umpo

KOM )ll1aIIa30He: OT )leCl!TKOB MHHYT y 6aKTepI1H )lO HeCKOJibKHX Tb!Cl!qeJieTl!H y 

HeKOTOpbIX 011.uos .upesecHhIX pacTett1111 ( ceKsoìill Sequoiadendron giganteum 11 

cocHa Pinus longaeva), n, KaK npaBHJIO, npO.llOJI)!(HTeJibHOCTb )!(l13HH KpyntthIX 

)!(HBOTHb!X l1 pacTe~HH HaMHOro 60Jibll!e, qeM MeJIKHX [25]. 

OcHOBHOH npHHl.(HII 3KCIIOHeHl.(ttanhttoro pocTa nonyJilll.(HH 6hm H3Bec

TeH ~e oqeHb .uasHo - o HeM ynoMHHaJIH iK. Ewlj>lj>ou 11 K. Jluuueìi, o reo

MeTp11qecKott nporpecc1111 KaK 3aKoHe poCTa Hapo.uottaceJieHttll n11caJI T. MaJJh
Tyc. ECJIH B COOTBeTCTBHH e MO)leJib!O 3KCIIOHeHl.(JJaJ1bHOro pocTa paccq11TaTb 

l.jl!CJ1eHHOCTb 6aKTep11ìf, TO IlOJiyqHTCll, l.jTO IIOTOMCTBO O)lHOH 6aKTep11aJibHOH 

KJieTKJJ qepe3 36 qacoB MO)!(eT IIOKpb!Tb BeCb 3eMHOH ll!ap CIIJIOll!Hb!M CJIOeM 

TOJill.(JJHOH 30 CM, a eme qepe3 2 qaca TOJill.(HHa 3TOro CJIOll B03pacTeT )lO 2 M . 

HenpueMJieMOCTb 3Toro 3aKOHa B peaJibHbIX ycJIOBHl!X oqesu.uHa (KcTaTH, 11c

CJie.uosaTeJI11 XVII- XVIII BB. 11cnoJib30sa1111 ero )lJill on11caHI1ll noTeHl.(HaJib

HbIX B03MO)!(HOCTeìf nonyJilll.(Htt). 

Bo3pacmHa5l cmpyKmypa OTpa)!(aeT COOTHOWeHHe pa3JIW1Hb!X B03paCTHb!X 

rpynn B IIOilYJilll.(HllX, B 3aBHCl!MOCTl! OT IIp0Ll0J1)!(HTeJibHOCTH )!(l13Hl1, BpeMe

Hl! HacTynneHHll IIOJIOBOH 3peJIOCTI1, l.jl!CJia IIOTOMKOB B IIOMeTe, KOJII.fl.jeCTBa 

IIOTOMCTB 3a ce30H 11 T. Jl. ITo3TOMY ycTonq11sall nonyJilll.(Hll BKJ1JOl.jaeT BCe B03-

paCTHble rpym1h1: pa3MHO)!(al!Ch, oco6n 06ecneq11sa10T nonyJilll.(HH LIJIHTeJih

Hoe cyw;eCTBOBaHHe, l.jTO OTJIHqaeT IIOIIYJilll.(11!0 OT OTL(eJlbHblX opraHI13MOB, 

)!(l13Hb KOTOpb!X orpaHHl.jeHa BO BpeMeHH. B )!(113HeHHOM l.(HKJie oco6eìf o6bJl.j

HO BbJL(eJI.ll!OT Tp11 B03paCTHblX nep110L(a: npeL1penpOL1YKTI1BHbIH, penpo.uyK

THBHb!M 11 I10CTpenpOJIYKTl1BHblH. 

B 20-x rr. XIX B . P. IIepJJh sseJI B 3KOJior1110 IIOHl!THe «Kp11BhIX BhJ)!(JJBa

HHll» l1 BbJ)leJil1Jl TPH OCHOBHb!X THIIa IIOIIYJilll.(11H: 

• 1 THII («Kpl1Bal! .np03oqmJihI») - B TeqeHHe 60JibWeH qaCTH )!(l13Hl1 CMepT

HOCTb HJ11.jT0)!(H0 MaJia, a Bee oco611 norn6a!OT 3a KOpOTKHH npoMe)!(yTOK 

BpeMeHH. TaKal! C11Tyaul1ll B03MO)!(Ha L(Jlll MHOrHX HaCeKOMbIX, KOTOpbie 

Bb!XO)ll!T 113 KYKOJIOK, a IIOCJie OTKJia)lKl! lll!l.( MaCCOBO r116ttyT . 

• 2 THII ( «THII ycTp11uhrn) - MaCCOBal! rn6eJib oco6eìf B HaqaJibHb!H nep110.u 

)!(l13Hl1, l1 OTHOCl1TeJibHO Hl13Kal! CMepTHOCTb OCTaBllIHXCll. )J,aHHb!H TJJil 

w11p0Ko pacnpocrpaHeH 11 xapaKTepeH npaKT11qecKH JIJill . scex r-crpaTeros. 

• 3 Tl!Il - B TeqeHHe Ka)!()lOro B03paCTHOro 11HTepBaJia r116HeT OL(Ha H Ta )!(e 

)lOJill OT o6w;eìf l.jl.fCJieHHOCTH IlOIIYJilll.(l1l1 . 3TOT nm BbJ)!(l1BaHHll Bcrpeqa-
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eTCH cpenH pb16, npeCMhIKa!OmHXCH, TITHU, MHOfOJieTHHX rpaBHHHCTh!X 

pacTeHHH H T. n. 

lloll06aR cmpyKmypa OTpa)l(aeT COOTHOrnem1e MY)l(CKHX H )l(eHCKl1X oco-

6eìi B nonyJI»UHH. feHeTw1ecK11H MexaHH3M onpeneJieHHH noJia 06ecne11HsaeT 

pacmenJieHHe ITOTOMCTBa no ITOJIOBOH npHHanJie)l(HOCTH B COOTHOWeHHH I : 1. 
B c11Jiy pa3Horo ypoBHH )1(113Hecnoco6HocTH MY)l(CKl1X H )l(eHCKHX oco6eii 3TO 

nepBH'IHOe COOTHOWeH11e TIOJIOB npH OflJIOt{OTBOpeHHH 11aCTO 3aMeTHO OTJIH'!a

eTCH OT BTopwrnoro (cMepTHOCTh np11 po)l(_nemm) H TeM 6oJiee OT TpeTH'IHOro, 

xapaKTepHoro n1rn noJIOB03peJihIX oco6eìi. Hanp11Mep, B nonyJI»UHHX 11eJI0BeKa 

BTOpH'IHOe COOTHOWeHHe TIOJIOB COCTaBJIHeT I 00 neBOl!eK I I 06 MaJihl!HKOB, 

K 16-18 ronaM - crnH0011Tc» paBHhIM (I : I), K 50 ronaM - I 00 )l(eHmHH I 85 AfY)l(

l!HH, a K 80 ronaM cooTHoweHHe - I 00 )l(eHmHH I 50 MY)l(l!HH. Ilpeo6JianaHHe 

t{OJUI caMOK Han caMuaMH, HCKJI!Ol!aH HeKOTOpb!e OTBeTBJieHHH napTeHoreHe3a, 

o6ecnel!HBaeT 6011ee HHTeHCl1BHhIH pocT nonyJIRUHH. Il03TOMY H3MeHeH11e no

JIOBOH crpyKYyphl nonyJIHUHH OYpa)l(aeTCR Ha ee pOJIH B 3KOCHCTeMe, TaK KaK 

caMUhl H caMKH MHOfHX Bl1t{OB OTJll14a!OTCH .npyr OT .npyra no xapaKTepy fll1Ta

HHR, pHTMY )l(H3HH, noseneHH!O 11 T. n. (HanpHMep, caMKl1 HeKOTOphIX BHt{OB 

KOMapos, KJiemeii H MOWeK RBJIR!OTCH KpOBococym11MH, B TO speMR KaK caMUhl 

TIHTa!OTCH COKOM pacTeHHH HJIH HeKTapoM). Ba)l(HaH pOJih B peryJIHUl111 411CJieH

HOCTl1 H ITJIOTHOCTl1 nonyJIRUl111 np11HanJie)l(HT 3TOJIOfH4eCKHM qiaKTopaM (CM. 

«Ilo11osoìi OT6op»). CymecTsyeT p»n 6Ho11orHl!eCKH cJIO)l(HBw11xc» MexaHH3-

MOB peryJIHUHH no1100oii CTPYKTYPhI nony11»u11ii: nocpencTBOM xeMoperyJI»UHH 

(HanpHMep, fOJIOBaCTHKH Bhit{eJIHIOT B sony semecTBa, KOTOphie 3a_nep)l(HBa!OT 

pocT .npyrHx fOJIOBaCTl1KOB), H3MeHeHHR B cpH3110JIOfHH H noseneHHH npH yse

Jll14eHHWYMeHhWeHHl1 ITJIOTHOCTl1 nonyJIHUHH, poCT sepoHTHOCTH nepenal!H 

HHcpeKUHH c pOCTOM TIJIOTHOCTl1 nonyJIHUHl1 H np. 

<PaKmOpbl cpeÒbl. BhlneJIH!OT nsa OCHOBHhIX THTia H3MeHeHHH cpe_nhl 06H

TaH11R: UHKJIH4eCKl1e, CBH3aHHh!e CO CMeHOH speMeHH rona, npHmrnaMH H OTJIH

BaMl1, H3MeHeHHeM speMeHl1 CyTOK, H HeperyJIHpHhJe (xaOTHl!eCKHe) H3MeHe

Hl1H, CBH3aHHhJe e npHpOt!HhIMH H aHTponoreHHhIMH KpH3HCHhIMH CHryauHHMl1. 

Ho·s 06011x c11yl!a»x MO)l(HO HaHTH 0606maiom11e 1aKoH0MepHOCTH: 

1. )K113Hh pa3Bl1BaeTCH B pe3yJihTaTe TIOCTOHHHOro o6MeHa semecTBOM H HH

cpopMauHeH B TIOTOKe 3Hepr1111 H COBOKYTIHOM enHHCTBe cpenhI 11 Hace

JIH!OmHx ee opraHH3MOB (3aKoH eòuHcmBa «opzaHU3M - cpeòa» Bepnaò
c«ow). CornacHo npi1Hu11ny Jie-illaTeJihe, 3Koc11cTeMhI cnoco6HhI HHBe

JIHposaTh 3Hal!HTeJihHhie He611aronpHHTHhle B03t{eHCTBl1R BHeWHHX 

cpaKTopoB, HO 3TO B03MO)l(H0 B TOM c11y4ae, KOrna cp11yKTyau11H HBJIH!OTCH 

no.nnoporoBhIMH. EcJI11 )!(e noporoBhIH yposeHh npeonoJieH, npouecc cTa

HOBl1TCH Heo6paTHMhIM. HanpHMep, 3aMeHa ecTecTBeHHOH pacT11TeJihHO

CTH Ha 3Ha•rnTeJihHhlX npocTpaHCTBax B Tel!eHHe t{JIHTeJihHOro 0peMeH11 

ceJihCKOX03HHCTBeHHhIMl1 yronhHMH npHBOt{HT K yttHl!TO)l(eHH!O 6HoueH030B 

(B naHHOM c11y4ae 3TOT speMeHHOH HHTepBaJI HanpHMY!O CBR3aH c oco-
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6eHHOCTl!Ml1 3Koc11creM). TaK, Ha Mecre casaHHhI B CesepHott Acpp11Ke 

rrp11MepHo 1 O ThIC. neT HaJa)l o6paJosanach rrycrb1w1 Caxapa. KaK oqes11)l

HO, peqb OIIl!Th 11)leT o HeJrnHeHHb!X rroporOBh!X Cl1CTeMaX, OTBeT KOTOpblX 

rrpo11cxo)l11T rro np11Hu11rry - sce 11n11 H11qero. 

2. JKOJIOr11qecK11e cpaKTOphl )leHCTBYlOT COBMeCTHO 11 Hea)l)lHTHBHO (3aKOH 

coeMecmHozo òeucmeuR <jJaKmopo6). ITo3TOMY orcyrcTB11e/He)locrnroK 

0)lHl1X 3KOJiornqecKHX cpaKTOpOB MO)l(eT 6h!Tb KOMneHCHpOBaH .!lpyr11Ml1 

6n111K11M11 no B03)lei1crs1110 tta opraHH3M 11n11 norrynllu1110 cpaKTopaM11 

(3aKOH KOMneHca4uu <jJaKmopo6 P106eJ1J1). Hanp11Mep, tteKoropall tte)loc

raroqHoCTh ocsern:eHHOCTH MO)l(eT 6bITb CKOMIIeHCHpOBatta )lJlll pacTeHH H 

0611n11eM yrneK11cnoro ra1a . CosMecrttoe B03)lettcrs11e cpaKTopos c11JibHee 

scero rrpollBJil!eTcl! Ha tta116onee Yll3Bl1MbIX cpa1ax pa3Bl1THll c11creM 11 11x 

3JieMe HTOB. OnrHMYM .!lJlll O.!lHHX npoueccos 06opaq11sa eTcll necc11MYMOM 

)lJill .!lpyr11x (ttanp11Mep , reMrreparypa B03)lyxa B Jl!1ana3otte 40- 45 ° C 

y XOJIO)lHOKpOBHbIX )1(11BOTHbIX yseJil1'-111BaeT CKOpOCTb o6MeHHhIX npouec

COB, HO TOpM0311T )lBHraTeJibHYlO aKTHBHOCTb, a )lJlll MHOrHX pb16 OIITl1-

MaJihHall )lJlll C03peBaHHll IIOTOMCTBa TeMrreparypa BO)lbl He6narorrp11l!THa 

)lJlll MeTaH11l! 11KpbI). B cnyqae B03)lettCTBl1ll Ha ypostte oco611 111MeHq11-

BOCTh onpe)leJllleTCll, B rrepsy10 oqepe)lh, ee reHeT11qeCKl1Ml1, nOJIOBhIMl1 11 

so1pacTHbIM11 oco6ettttocrnM11. TaK, oco611 pa1ttoro rrona O)lttoro BH)la qac

TO o6Jia)lalOT pa3Jil1qHQtt CTerreHhlO TOJiepaHTHOCTl1 K pa3Jil1qHblM 3KOJIOrl1-

qecKHM cpaKTopaM, Harrp11Mep aHrporroreHHhIM. 

3. J111M11rnpy10rn:11M cpaKTopoM ycroJ1q11socm opraHH3Ma (norrynllu1111/ s11)la) 

MO)l(eT 6b1Tb KaK Ml1Hl1MYM, TaK 11 MaKC11MYM 3KOJior11qecKoro B03)lettCTBl1ll, 

)ll1aIIa.30H Me)l()ly KOTOphIMl1 orrpe)leJilleT BeJI11q11tty TOJiepaHTHOCTH opra

Hl13Ma (rronynllu11!1/B11.!la) K )laHHOMY cpaKTopy (3aKOH mo;repaHmHocmu 

B. llle.n</Jopi>a). qeM urnpe orrmMaJibHhitt )lHarraJOH 11 ).?Ke 30HhI yrHeTeHHll 

KOJie6aHl1tt B03)leHCTBYIOW:ero cpaKTopa, TeM Bblille YCTOHql1BOCTb opraHl13Ma 

(rrorrymiu1111/ s11)la) K ero B03)lettCTBHIO, Koropy10 rrp11Hl!TO Bbipa)l(aTb nocpe)l

CTBOM q11cneHHocm norrynllu1111 (p11c. 5.13). ITp11 3TOM, cornacHo IO. 0 .!lYMY, 

opraHH3Mhl MOryT 11MeTb 1II11pOK11H )lHaIIaJOH ycroJ1q11BOCTl1 B OTH01I!eHl111 

O)lHOro 3KOJior11qecKoro cpaKTopa 11 Hl13Kl1H )lHaIIaJOH B OTH01I!eHl111 )lpyroro. 

Eonee roro, ecn11 ycnos11l! no KaK0My-n1160 3KOJior11qecKOMY cpaKTopy craHo

Bl!TCll HeOIITl1MaJihHblM11, )ll1anaJOH TOJiepaHTHOCTl1 MO)l(eT cy311TbCll 11 B OT

H01I!eHHl1 .!lpyrnx cpaKTopoB cpe.!lhI ( oco6eHHO B Ha116onee Yll3BHMhie 11n11 

KpH3HCHhie rrep110)lhI )1(113Hl1 opraH113Ma). IT03TOMY Ha116onee pacrrpocrpaHe

HhI opraHl13Mhl e 1II11p0K11M )ll1aIIaJOHOM TOJiepaHTHOCTl1 [28]. 

Do xapaKrepy peaKu1111 Ha 111MeHeH11e ycnos11ì1 cpe)lbI 0611rnH11ll opra

Hl13MhI )leJil!TCll Ha LIBe OCHOBHble rpyrrrrbl - CTeH06110HTOB 11 3Bp116110HTOB. 

K cmeHo6uoHmaM OTHOCl!TCll opraHl13MhI, crroco6Hbie cyrn:ecrsosaTh Jil11Ilb B 

Y3KOM )ll1aIIa.30He 113MeHeHl1ll cj>aKTOpOB cpeLlbl , T. e. rrp11 OTHOCl1TeJibHO IIOCTO

l!HHh!X ycJIOBl1l!X (Harrp11Mep, aBCTpaJI11HCKl1H cyMqaThIH Me)lBe)lh KOaJia MO)l(eT 

)1(11Th TOJihKO Ha BeTBl!X Tex Bl1)l0B 3BKaJil1nTOB, Jil1CTbl!Ml1 KOTOphIX OH IIl1TaeTCll), 
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lt1HTeHClllBHOCTb B03AeçjcTBlllH c:j:JaKTopoB cpeAbl 

P111c. 5.13. Ycrnçjy111socTb opraHlll3MOB (nonynH4111çj/0111AOB) or lllHTeHClllBHocrn 003-

Aeçjcrn111H cpaKrnpos cpeAb1: 1 (x3 - X4) - Alllana3oH onrnManbHblX napaMerpos; 

2 (x1 - X2, Xs - X4) - Alllana30Hbl 30H yrHeTeHlllH; 3 (x2 - Xs) - Alllana30H 30Hbl HOp

ManbHQçj }f(lll3H8A8HTenbHOCTlll; 4 (x1 - X6) - Alllana30H npeAena BblHOCnlllBOCTlll 

CT03TOMY CTeH06HOHTHOCTb o6ycnOBJIHBaeT JIOKaflH30BaHHOe pacnpoc-rpaHeHHe 

swnos/ nonymn.i:wì1. A K 3epu6uoHmGM OTHOCHTC» opraHH3MbI, cnoco6HbJe cyme

CTBOBaTb B WHpOKOM ,llHana30He 113MeHeHH» cpaKTopos. 3sp116HOHTbl xapaKTep11-

3YIOTCH 3KOJIOr!1'-IeCKOÌ1 nnaCTl14HOCTbIO (Hanp11Mep, p».ll lKHBOTHb!X cymecrnyeT 

B W11pOKOM n11ana30He rH,llpOCTaTl14eCKOro nasneHH», 60JibillHX Ce30HHb!X KOJie-

6att11ì1 TeMnepaTYPbI HJIH COJieHOCTH BO.llbl - o6HTaTeJIH 3CTyapHeB peK). 3BpH-

6HOHTHOCTb yseJil1411BaeTC» cnoco6HOCTbIO nonyJI»l.(1111 nepeHOCHTb He6naro

npmlTHbJe ycnOBHH B COCTO»HHl1 aHa6H03a (MHOrHe 6aKTepHH, cnopbl H ceMeHa 

6oJihW11HCTBa paCTeH11ì1, s 3pocnh1e MHoroneTH11e pacTeH11» xono,llHhIX H YMe

peHHhIX wwpoT H np.) 11n11 cn»4KH (rn6epHwpyIOLU11e MneKon11TaIOLU11e). KpoMe 

Toro, 3BpH6110HTHOCTb MOJKeT npOHBJI»TbCH Ha pa3Hb!X CTa.llH»X pa3BHTl1» opra

H113Ma (y c-rpeK03 JIH4HHKl1 Be.llYT BO.llHblH o6pa3 lKH3Hl1, a B3pOCJihle oco611 -

Ha3eMHblì1). 11Horna B3pOCJibJe oco6H 6hlBaIOT 6onee 3Bp116HOHTHbl, 'leM paHHHe 

CTan1111 HX pa3BHTH» (HanpHMep, y HeKOTOpblX BO.llHblX 6ecno3BOHO'lHbIX H pb16), 

'lTO o6ycnoBJieHo c-rpaTerneì1 BbIJKHBaH11» nonyn»u1111. B uenoM CTeneHh 3BpH-

6110HTHOCT11 811,lla Bb!We, 4eM OT,lleJibHbIX nonyn»UHH, oco6eì1 HJIH CTa,ll11Ì1 pa3-

Bl1Tl1H, IIOCKOJlbKY BH.ll - caMaH o6o6maIOLUa» cryneHb B 3TOÌ1 Hepapx1111, 11 'leM 

6onee pacnpoc-rpatteH Bl1.ll, TeM BhJUie ero 3sp116110HTHOCTb. 
1:1acTO B03.lleì1cTBHe MHOrHX cpaKTopos He3Ha'lHTeJibHO HJlH KOCBeHHO. TaK, 

,llaJKe B nepHOLlbl IIOJIHOJiyttl1R JIYHHOro CBeTa He,llOCTaT04HO .llJl» cpOTOCl1HTe3a, 

II03TOMY ero 3Ha4eHHe LIM pacTeHHH 11 lKHBOTHb!X .llOJlroe speMR C4HTafl0Cb HH-

4TOlKHblM. Ho s 80-e rr. XX B. 6brna o6HapYJKeHa CB»3b .lll1HaMl1KH '!HcneHHOCTl1 

MaccosbIX BH.llOB nnaHKTOHHbIX paKoo6pa3HbIX (Bosmina longirostris, Diapha-
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nosoma excisum, Eudiaptomus sp. 11 .up .) e cp33aMH JI)'Hhl (MaKCHMJ'MhI KOJie6aHHH 

'1HCJieHHOCTl1 COOTBeTCTBOBaJil1 ITOJIHOJIYHH51M). ITpH'111HOH 3TOH 3aBHCHMOCTl1 

OKa3aJIHCh KOJie6aHl151 11HTeHCl1BHOCTH Bhie.naHH51 paKoo6p33HbIX rrpeCHOBO.!lHhlMl1 

cap.n11HaM11 (Limnothrissa miodon ), n11TaH11e KOTOpbIX, KaK 11 6oJibWl1HCTBa pbr6, 

3aBHCHT OT OCBell.(eHHOCTH. PaKoo6p33Hbie coseprna!OT BepT11KaJibHbie M11rpau1111, 

fl0.!lHHMa51Ch B TeMHOe speM51 CyTOK K rrosepXHOCTl1, r.ne CJIOl1 6oraThl IIJ1ll]eì1, a 

CBernoe BpeM51 CyTOK rrpOBO.!l51T Ha 60JibWOH rny611He, rrp51'1aCh OT pbi 6. Pb16h1 

TO)!(e coBepwa!OT Bepr11KaJihHhle M11rpau1111, c11e.ny51 3a «KopMOM». Ho B 6e3JI)'H

Hhie H0'111 CKOIIJieHJ151 pb16 paccpe.nOT0'1HBa!OTC51, a IIO Mepe yc11JieHH5! Jl)'HHOro 

OCBell.(eHH51 3TH CKOITJieHJ151 coxpaH51!0TC51 H HO'-lb!O, rrpHl.!eM B 30Hax KOHUeHTpa

U11H rr11m11. TaK11M o6p330M, B rrep110.nh1 IIOJIHOJIYHHì1 npo11cxo.n11T cH11)!(eH11e 

'111CJieHHOCTl1 ITJiaHKTOHHblX paKoo6p33HhIX, a B .npyr11e nepHO.!lhl - yBeJI11'1eH11e. 

Han11uo HeIIp51MOe so3.ueì1crn11e cpaKTopa cpe.nhI (25] . 
HeO)lH03Ha'1Ha pOJih He06XO.!lHMbIX opraHJ13MaM KOMITOHeHTOB OKpy)!(a!O

IUeH cpe.Ubl. IhseCTHO, LITO aTMOCcj:>epHb!H KHCJiopo.n Heo6XO.!lHM .!lJl51 .!lhIXaHH51 

BCeM a1 po6aM. Ho ecJIH opraHH3MhI cyw11, KaK rrpaB11110, He 11cnh1Th1Ba10T B 

HeM He.nocTaTKa (Mb! He paccMaTpHBaeM 3KCTpeMaJihHbie ycJIOB1151) , TO B BO.!l

HOH cpe.ne .necp11u11T KHCJiopo.na - .nosoJihHO qacToe 5!BJieH11e . ITp11LieM O.!lHl1 

Bl1.!lhI, rrpe)!(.ne 0611rn10m11e s xopowo a3p11pyeMhIX ycJIOBH51X pyqheB ( cj:>opeJib ), 

He Bb!HOC51T .ua)!(e He3Ha'1HTeJihHOf0 nOHl1)!(eHH51 KOHUeHTpauu11 KHCJIOpo.na , a 

.npyr11e (3aphrna10muec51 s rrp11.noHHhIH HJI JIH'1HHKl1 KOMapoB Chaoborus 11 .up.) 

crroco6Hbl .!lOJiroe BpeM51 HaXO.!lHThC51 B cpe.ne, fl0'1Tl1 JIHWeHHOH Kl1CJiopo.ua. 

0.nHaKo 11 B 3TOM cJiyqae cymecTsyeT csott .n11ana30H ycTOHLIHBOCTH. TaK, pocT 

60JihWl1HCTBa a1po6Hh!X 6aKTep11tt npeKpamaeTC51 rrpH KOHUeHTpau1111 KHCJIO

po.na 40-50 %. K HHM OTHC51TC51 06JI11rarnh1e (crporne) a1po6h1 (Harrp11Mep , 

HeKOTOpb!e BH.!lhl nceB.UOMOHa.n), HCIIOJih3Y!Oll.(He KHCJIOpo.n B Ka'leCTBe aKl]err

TOpa 3Jie~poHOB. A .npyrue a1po6Hh1e MHKpoopraHH3Mhl (M11Kpoa1pocp11Jib1) 

rn6HyT Ha B03.Uyxe, TaK KaK MOfyT pa3Bl1BaTbC51 rrpH KOHUeHTpaUHH KHCJIOpo.na 

TOJihKO rrop51.UKa 2 % (B 10 pa3 Hl1)!(e, 'leM B aTMOccpepe). 06bI'1HO TaKl1e Tpe-

6oBaHl151 K BHeWHHM ycJIOBJ151M CB513Hbl e MeTa60JIJ1'1eCKOH aKTHBHOCTh!O op

raHH3MOB (KHCJIOPOL\ HHrn611pyeT HHTporeHa3y, rn):(poreHa3y H L1pyr11e cpep

MeHThi), II03TOMY npH KOHUeHTpal]Hl1 KHCJIOpOL(a 6oJiee 2 % HeB03M0)!(Hhl 

OKl1CJieHHe BOL\OPOL\a, a30Tcp11KCaU1151 HeKOTOpbie L1pyr11e rrpouecCbl. EcJIH )!(e B 

cpe.ne eCTb CB513aHHhIH a30T 11 opraHl1'-leCKHe coe.nnHeHH51, TO Il a30TcpHKCaTO

pbl, 11 BO.!lOPOL\OKHCJI51!0IUHe 6aKTepH11 xopowo pa3BHBaIOTC51 Il rrpu .neC51TH

KpaTHOM yBeJIHLieHHH coL1ep)!(aHH5! Knc11opo.na (29]. HaJinuo Hea):(L\HTHBHbJH 

xapaKTep B03L(ettcrn1151 pa3Jil1'1HbIX cpaKTopoB. 

K OCHOBHbIM cpaKTopaM cpe):(hl, BJIH51!0IUHM Ha 'lHCJieHHOCTh norryJI51UHH, 

IIp11H51TO OTHOCHTb TeMrrepaTypy, OCBell.(eHHOCTb Il BJia)!(HOCTh. 

Te.;wnepamypa. B xo):(e 3BOJIIOUHH y opraHH3MOB Bh1pa60TaJIHCh pa3Hoo6pro

Hhie 6HOXl1MH'-!eCKHe, MopcpOJIOfH'leCKHe Il cpH3HOJIOf11'-leCKHe a):(aIITaUHOHHble 

MexaHH3MhI peryJiuposaHH51 MeTa6011113Ma np11 H3MeHeHH51X TeMrreparyphI cpeL\hI 

(3a C'leT 6uoaHTHcppH30B, H3MeHeHH51 COCTaBa, KOHl]eHTpau11u 11 aKTHBHOCTH 
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cpepMeHTOB li .np.). TaK, TeMnepaTypHbIH llHTepsan )!(113Hll 6enKOB, B cpe.nHeM, 

0-50 °C, o.nHaKo pH.LI opraHl13MOB coxpaHHJOT aKTllBHOe CYll1eCTBOBaH11e np11 

TeMneparype, BhIXO.LIHUleì1: Ja yi<aJaHHbie npe.nenhI (HanpllMep, CllHe-JeneHbie 00-

.nopocn11 CYll\eCTByJOT npll +85,2 °C B CesepHoì1: AMepllKe 11 np11 +77 °C B ropH

q11x KJIJO'IaX Ha KaMlJaTKe, KJieTKl1 .LIPO)l()!(eBb!X rp116KOB - np11 +90 °C). 

IIo OTHOUJeHll!O K TeMnepaType cpe,Llbl BCe opraHll3Mbl np11H51TO no.npa3-

.nenHTb Ha HeCKOnbKO 3KOnOrll'IeCKl1X rpynn: 3Bp11TepMOB (cymecTBy10m11x B 

11I11poKOM .LlllaIIaJOHe TeMnepaTyp) li cTeHOTepMOB ( cymecTBy10mllx B yJKOM 

TeMrrepaTypHOM .n11anaJOHe); Kp110cpllnOB (xono.nomo6l1Bb1X) li TepMocp11noB 

(Terrnon10611Bb!X); fOMOHOTepMOB (cnoco6Hh!X rrp11 113MeHeHl1ll TeMnepaTypbl 

cpe,Llbl rro.n.nep)!(11BaTb BHyTpeHHIOIO TeMrrepaTypy opraHl13Ma Ha OTHOCl1TenbHO 

IIOCTOHHHOM ypOBHe) 11 noì1:K11noTepMOB (TeMrrepaTypa opraHll3Ma JaBllCllT OT 

TeMrrepaTypbl cpe,Llbl). B OCHOBe scex peaKU11H opraHll3Ma, 3aBl1C51Ull1X OT TeM

rreparypbl , ne)!(aT 6110Xl1Mll'IeCKlle npouecCbl, II03TOMY .nnH Hl1X npllMeHllMO 

npas11no 3a011c11MOCT11 cKopocT11 peaKu1111 OT TeMneparyphI - JaKOH BaHT

rocpcpa (rrepsoro naypearn Ho6enescKoì1: rrpeMllll no x11Mlll1 s 190 I r.), cornac

HO KOTOpoMy, np11 nOBbIUJeHl111 TeMrrepaTypbl Ha I o °C CKOpOCTb peaKU1111 yse

n11q11saeTC5! B 2-4 pa3a, 'ITO oco6eHHO Ba)!(HO B nep110.nb1 cnH'IKl1 11 aHa6110Ja. 

Bcne.ncTs11e 3TOH 3aBllCl1MOCTl1 y roMOHOTepMHhIX )!(11BOTHhIX ccpopM11posa

nacb BbICOKaH cnoco6HOCTb K Xl1MW!eCKOH TepMoperynHUllll npoueccoB MeTa-

6onl13Ma. A rroì1:K11noTepMHhIM )1(11BOTHhIM qacTo rr0Mora10T BbJ)l(llBaTb np11 

HII3KIIX TeMneparypax 6llonor11qeCKI1e aHTIIcppII3bl, IIOHl1)1(aJOUllle TO'IKY 3a

Mep3aHl151 rrna3Mhl KpOBll (HanpllMep, y HaCeKOMblX rrpII Hll3KllX TeMrrepaTypax 

ponh aHTllcppll3a llrpaeT rIIllUepllH, co.nep)l(aHIIe KOTOporo B TKaHHX opraHl13Ma 

MeHHeTC51 B 3aBl1Cl1MOCTII OT Ce30Ha: 3llMOH ero KOHUeHTpau1151 B03pacTaeT, 3a

MemaH .no 80 % BO.Libi, a neTOM na.naeT). 0THOCIITenbHaH Terrnorrpo.nyKUII51 y 

MenKIIX )!(IIBOTHhIX BhII.Ue. 3To CBH3aHo e TeM, 'ITO e YMeHbUJeHIIeM pa3Mepos 

B03pacTaeT OTHOI.UeHlle nosepxHOCTll Tena K ero o6beMy llnII Macce. 

B OTIIII'Ille OT pacTeHllH, )1(11BOTHbie o6na.nmoT 6onee pa3Hoo6pa3HhIMII 

crroco6aMII TeMnepaTypHblX a.nanTaUIIH, K KOTOpblM OTHOCHTCH: 

• cpll3ll'IeCKa51 TepMoperynHUll51 - ll3MeHeHlle ypOBHH TennOOT,Lla'lll 3a ClJeT 

crroco6HocTll y.nep)l(llBaTb Tenno lln11 paccellBaTb ero ll36hJTOK e noMo

lllbIO pa3nll'IHblX MOpcponorn'leCKllX IIpllCIIOC06nem1ì1: (sonocHHOH li nepb

eBOH IIOKpOBbl, pacrrpe.neneHlle )i(llpOBblX Jarracos, CTpOeHlle KpOBeHOC

HOH CllCTeMbl, llCnapeHlle); 

• XllMll'leCKa51 TepMOperym1Ul15! - aKTllBHOe ysenll'leHIIe Tennoo6pa3oBa

Hll51 KaK OTBeTHa51 peaKUllH opraHll3Ma Ha IIOHil)!(em1e TeMrrepaTypbl cpe

.Llhl, HaIIpllMep, 3a ClJeT pa3o6meHll51 OKllCnllTenbHOro cpoccpopllnHposa

HH51 y BblCUJllX opraHH3MOB ( cne.nyeT OTMeTHTb, 'ITO cpll3lllJeCKa51 TepMO

perynHUII51 3KOnOrll'leCKll 6onee BbffO,LIHa, lJeM XHMll'leCKa51, noCKOnhKY 

ocymeCTBn51eTC51 He 3a C'leT .norronHIITenbHOH Bblpa60TKII Terrna, a 3a ClJeT 

coxpaHeHIIH ero B opraHH3Me); 
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• 3To11or11t.JecK11e np11cnoco611eHm1, HanpaaJieHHhie Ha co3.nam1e Heo6xo.n11-

Moro M11KpOKJil1MaTa. 

OceeU{eHHOCmb. lh YJibTpaqmo11erosoro 11311yt.JeH115! .no nosepxHOCT11 3eM

Jil1 .[(OXO.[(HT TOJlbKO .[(Jll1HHOBOJIHOBbie COCTaBJI5IIOIUl1e, a KOpOTKOBOJIHOBbJe, ry-

611TeJibHbJe ,[(Jl5! opraHJ13MOB, npaKT11qeCKl1 nOJIHOCTb!O norno1UaIOTC5! Ha Bbl

COTe OKOJIO 25 KM 030HOBbIM CJIOeM. Ho 11 J1yt.J11 YJihTPa<P110J1eToaoro cneKTPa B 

60JibW11X .[(03ax spe,[(Hbl .[(Jl5! opraHl13MOB, a B He60JibW11X 1l03aX OKa3bJBaJOT 

MOIUHOe 6aKTep11U111lHOe ,11ei1cTBl1e 11 Bbl3bJBaJOT o6pa30BaH11e BHTaMHHa D. 
I1HcppaKpaCHbie 11y411 OKa3bIBaJOT TenJIOBOH 3cpcpeKT, a 113JIY4eH11e B Bl11ll1MOM 

cneKTpe npHBHOCHT OKOJIO 50 % cyMMapHOH 3HeprnH. 

BH1lHMhIH caeT .u.rrn aaTOTPOlPHhIX 11 reTepoTPocpHbIX opraHH3MOB 11MeeT 

pa3HOe 3KOJIOrl1t.JeCKOe 3HaqeH11e. Ho 11Hor.na pe3KOH rpaH11Ubl Me)!(,[(y Hl1MH npo

Be'CTH He y.naeTC5!. TaK, 01lHOKJieToqHa» 3BrneHa Ha csery »BJIHeTc» asroTPo<l>oM, a 

a TeMHOTe - reTepoTPocpoM. Ha cywe 1lJlH Bb1cw11x aaTOTPOcj:JHhIX paCTeH11ì1 yc

JIOBl15! OCBe1UeHH5! npaKTttt.JeCKH Be3.ue 6JiaronpHHTHbl, HO B BO.UHOH cpe.ne CBeTa 

ropa31l0 MeHbWe. Ilo Mepe pocTa rny611Hbl, y6bIBaH11e CBeTOBOro noTOKa CB5!3aHO 

e norno1UeH11eM ero so.uoì1 (norno1UeH11e csern 3as11c11T OT CTeneHH np03pat.JHO

CT11 BO.[(bl), np11 3TOM CBeTOBbJe 11yq11pa3HOH1lJll1Hbl BOJIHbl norno1UaJOTC5! HeO.[(H

HaKOBO H ynaBJIHBaJOTC5! pa3Hb!MH rpynnaMH opraHl13MOB. 

PacTeHl15! 11cnoJ1b3YJOT CBeT He TOJibKO B Kat.JeCTBe HCTOlfHHKa 3HeprHH, HO 

H .nm1 ra3006MeHa, pa3MHO)!(eHJ15!, o6MeHa BeIUeCTB, cj:JopMoo6pa30BaHH5! (•rnc

TO y pacTeHHH Ha6mo.naJOTC5! 11CKp11BJieHl15!, CB5!3aHHbJe e OnTHMaJibHbIM 11C

TIOJib30BaH11eM CBeTOBOro nOTOKa Jll1CTb5IMl1 - cpOTOTponl13M). Ilo OTHOWeHl1JO 

K ycJIOBl15IM OCBeIUeHHOCTH pacTeHl15! npHH5ITO .neJIHTb Ha 2eJIUorjJumoe ( CBeTO

JIJ0611BbIX), c4uorjJuoe (TeHe11J0611ab1x) 11 rjJaKyflbmamueHblX 2eJ1uorjJumoe ( cno

co6HhIX 0611TaTb np11 pa3HbIX ycJIOBl15IX ocae1UeHHOCT11) . Ha116011ee 061Ueì1 

cpopMOH a.uanTaJ11111 paCTeHl1H K MaKCl1MaJibHOMY HCnOJlb30BaHHJO COJIHeqHOH 

pa,1111au1111 »BJI5IeTc» npocTpaHcTaeHHa» op11eHTau11» 1111CTbeB. B 3as11c11MocT11 

OT KJll1MaT11qeCKl1X ycJIOBl1H, 3Ta opHeHTaU115! .neJIHTC5! Ha sepT11KaJibHYJO (coJI

Het.JHblH caeT Ha1160J1ee no1rno norno1UaeTC5! np11 yseJ111'!eH1111 yrna HaKJIOHa K 

ocsemaeMOH nosepxttocT11, T. e. a YTPeHH11e 11 ae'!epH11e qacb1), rop1130HTaJib

HYJO (yroJI HaKJIOHa K OCBeIUaeMOH nosepxHOCTl1 nop5!.[(Ka 90°) 11 .n11cpcpy3HYJO 

(pacnOJIO)!(eH11e Jll1CTbeB B pa3Hb!X TIJIOCKOCT5IX TI03BOJI5IeT B Te'!eH11e .[(H5! Ha11-

60Jiee noJIHO 11cnoJib30BaTb ocaeIUeHHOCTb). Cpe.n11 )!(11BOTHhIX TaK)!(e pa3Jil1-

'laJOT 3epucpomoe 11 cneu11aJI11311poaaHHhIX cmeHorjJomoe, a TaK)!(e caeTOJIJ0611-

Bbie (rjJomorjJuJ1b1), TeHeJIJ0611ab1e (rjJomorjJ06b1) Bl11lhl. CaeT 1l1IH )!(11BOTHhIX 11 

qeJioBeKa, a nepayJO o'lepe.uh, Heo6xo.n11M .[(JI5! 3p11TeJibHOH op11eHTau1111 a npo

CTpaHCTBe. Ba)!(Hy10 poJib a )!(113Hl1 )!(11BOTHhlX 11 pacTeH11ì1 11rpaeT Q>oTonep110-

1lH3M - peaKU115! opraHH3MOB Ha np0.[(0Jl)!(l1TeJibHOCTb 11 p11TM '1epe.nosaHl15! 

TeMHOro 11 CBeTJIOro nepHO.[(OB CyTOK. 

Blla:JICHocmb. )1(11JHh B03Hl1KJia a Mope, 11 611ox11M11qecK11e 11 Q>113110Jior11-

t.JecK11e npoueccb1 )!(113He.ne»TeJibHOCTH scex opraHH3MOB TaK)!(e npoTeKaJOT a 
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sonttoì1 cpene oprattos, TKatteì1 H KneTOK. Conep:lKatttte BO)lhI s oprattH3Me tta-

3eMHhIX )!(HBOTHhlX COCTaBm!eT 45-95 %, a B Tporrocqiepe - 99 % . .LJ:m1 Ha-

3eMHhIX opraHH3MOB oqeHb Ba:lKHO conep:lKaHHe BO,WIHOro rrapa B aTMoc<t>epe. 

Bna)!(HOCTb so3nyxa B aTMocqiepe 3eMnH Kone6neTc» B umpoKHX rrpenenax: y 

rrosepXHOCTH, B cpe)lHeM, OT 0,2 % IIO o6beMy B Bh!COKHX llff!pOTaX )lO 2,5 % B 

TPOIIHKax. Htt3KHe 3Ha'leHHH OTHOCHTenbHOH Blla)!(HOCTH (no 50 %) xapaKTep

Hhl )lllH cy6TpOI1H'leCKHX H TpOIIH'leCKHX rryCTh!Hh H B 3HMHHH nepHO)l )lllH 

MyccoHHbIX paifoHos. 

Cpe)lH OCHOBHbIX anarrTauttif paCTeHHH K H3MeHeHmo Blla)!(HOCTH BhI)le

llHIOT: yMeHbWeHHe IIOTeptt snarH (npespameHHe nHCTheB B KOllIO'lKH HnH Hr

llhl, rrpeo6pa1osaHHe ycThHU, c6pachrnaHtte nttCTheB H np.), ysenttqeHtte rro

rnomeHHH BO)lbl (nnHHHhie sepTHKanhHbie KOpHH, o6umpHaH roptt30HTanhHaH 

KOpijeBaH CHCTeMa). PerynttposaHHe )!(HBOTHblMH BO)lHOro 6anaHca ocymecTB

nHeTCH nocpe)lCTBOM llOBe)leH''leCKHX, Mop<t>onorttqecKHX (nttqHHKH HaceKo

MhlX, )l(HBYII]He BO sna:lKHOH cpene - BO)le, rroqse, npesecttHe H np., B OCHOB

HOM, nttweHbl '.lIIHKYTHKYllhl, a B03HHKHOBeHHe oporoseswero 3IIH)lepMHCa y 

perrTHllHH 6hrno CBH3aHO e OCBOeHHeM HMH cywtt) H <l>H3HOnOrn'leCKHX (pery

nttpoBaHHe KOllH'leCTBa MeTa6onH'leCKOH BO)lhl, IIOTOOT)leneHtte H ynanetttte 

BO)lhl CO CllH3HCThIX o6ono'leK) a)laIITaUHH. 

TeopeTH'leCKH mo6a» norrynHUHH cnoco6Ha K HeorpaHH'leHHOMY pocTy 

'lttcneHHOCTH, ecntt ee He nHMHTHPYIOT <t>aKTOphI BHewHeif cpe)lhl. B tt)le

anhHOM cnyqae CKOpOCTh pocTa rrorrynHuHH IIOCTOHHHa (3KCIIOHeHUHallhHhlH 

pocT) H 3aBHCHT TOllhKO OT senH'lHHhl 6uomul/eCK020 nome114uaJ1a, OTpa

)!(aJOll(ero TeopeTH'leCKH B03MO:lKHOe 'lHCno IIOTOMKOB OT O)lHOH rrapbl (HnH 

O)lHOH oco6H) 3a orrpe)leneHHhlH npoMe)!(yTOK speMeHH (3a BeCh )l(H3HeHHhlH 

UHKn HllH 3a ron) . y pa3Hh!X BH)lOB senH'-IHHhl 6ttOTH'leCKOro llOTeHuttana 

pe3KO OTnttqaJOTCH. HanpttMep, y KpyrrtthIX MneKOIIHTaIOll(HX 3a ron MaKCH

ManhHO 'lHCneHHOCTh MO:lKeT B03pacTaTh llHWh B 1,05-1, 1 pa3a, y MHOfHX 

HaceKOMhIX H paKoo6pa3HhIX - s 1010-1030 
pa3, a y 6aKTepttì1 eme 6onhwe. 

B peanhHhIX ycnoBHHX '.lKCITOHeHuttanhHhiif pocT rronynHuttif Ha6nIOnaeTcH 

Kpaiftte penKo H ero nepttO)lhI, KaK rrpastt110, KpaTKospeMeHHhI. HanpHMep, 

OH_ 6hrn OTMe4eH )lJJH nonyJJHUHH KpOJJHKa, 3ase3eHHOro s AscTpa11tt10, 06-

11anaIOmy10 HeorpaHH'leHHh!MH IIHll(eBhlMH H npocTpaHCTBeHHhIMH pecyp

caMH H oTcyTcTstteM crreutt<l>tt4eCKHX XHll(HHKOB. B ecTecTBeHHhIX '.lKOCH

cTeMax ÒUllGMUKa 'IUCJ1e1111ocmu nonyllRtfUU onpenenHeTCH MHO)!(eCTBOM Me

xaHH3MOB, crroco6CTBYIOll(HX peantt3auHH 6ttoTHqecKoro ee noTettuttana. 

IT03 TOMY peanhHhlH pOCT qHcneHHOCTH rronynHUHH npoTeKaeT B COOTBeTCT

BHH e norHCTHqecKOH KpHBOH. 

TaKHM o6pa30M, B paMKax IIOHHTHH «CaMoopraHH3aUHH» B03M0)!(Hhl 4e

Thlpe MexaHH3Ma TOpMO)!(eHHH pOCTa qHCJJeHHOCTH: CTpeCCbl, MttrpaUHH oco-

6eif e 06)!(HThIX MeCT Ha MeHee 611arorrpHHTHhie )lllH )l(H3HH rreptt<t>epHHHhle 

HnH ynaneHHhie TeppHTOpHH, H3MeHeHHH reHeTHqeCKOro COCTasa rrorryJJHUHH, 

(B qacTHOCTH, 3aMeHa 6bICTpO pa3MHO:lKaIOll(HXCH reHOTHIIOB Me)lneHHO pa3-

MHO:lKaIOll(HMHCH) H YMeHhWeHHe pecypcos (25]. 
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BceM opraHH3MaM npHxo,nHTCH pacxo.nosaTh :rneprmo H pecypcbI Ha pa3-

MHO)KeHHe. KaK yrnep)K,naeT TeOpH51 3BOJHOUHH, npHpo,na 6epeT Ha BOOpjìKe

HHe Te penpo,nyKTHBHbJe CTpaTerHH, KOTOpbie TI03B0ll51IOT npOH3BeCTH HaH60-

nee npHcnoco6neHHoe (npeycnesa10mee, B TpaKTOBKe qenoseKa) noTOMCTBO. 

ITo3TOMY s npHpo,ne cymecrny10T ,nse npoTHsonono)KHhie penpo,nyKTHBHhie 

CTpaTerHH: CTpaTerHH r H CTpaTerHH K, H Bb16op B nonh3Y O,nHOH H3 HHX 3aBH

CHT OT ycnOBHH OKpy)KaIOLUeH cpe,nbJ. 

K-cTpaTernH xapaKTepHa ,nAA BH,nos/ nonynHUHH, o6HTaIOLUHX B cpe,ne e yc

noBHHMH, npH6llH)KeHHblMH K TIOCT051HHblM, T. e . B cpe,ne, ,nll51 KOTOpoì1 xapaK

TepHbl Hq JiatI11TenbHbie KOne6aHHH OCHOBHbIX napaMeTpOB. B 3TOM cny4ae yc

nex pa3MHO)KeHH51 onpe,nenHeTCH, rnaBHblM o6pa30M, KOHKypeHUHeì1 Me)K,ny 

B3pocnhIMH oco6HMH, rro3TOMY HaH6onee nepcneKTHBHOH OKa3bIBa eTcH CTPaTe

rHH cocpe,nOTO'leHHH pecypcos B HeCKOllbKHX TIOTOMKax 11 coxpaHeHH51 HX ,no TO

ro MOMeHTa, KOr,na OHH CMOryT BCTYTIHTb B KOHKypeHTHYIO 6oph6y. (Ha3BaHHe 

CB513aHO e TeM, lJTO, KaK 6brno CKa3aHo Bb!We, B 3TOM cnyqae pa3Mep norrynHU11H 

6nH30K K nomeHLfUMbHOU eMKOCmU 3KOCHCTeMbl, o603HatiaeMOH CHMBOllOM K .) 
K BH,naM, pa3MHO)KaIOLUHMC51 B COOTBeTCTBHe e K-CTPaTerHeì1, OTHOC51TC51 ace 

X11LUHHKH, MHOrHe penHKTOBbie HaCeKOMhie, capaHtia B 0,!l11HO'IHOH cpa3e , Bee 

XBOHHbie, ,ny6 MOHrOnbCKHH, opex MaHb4)KypCKHH, neLUHHbl, KneHbl , pa3HOTPa

Bbe, OCOKH H ,np. Ho HaH6onee nonHo 3Ta CTPaTerHH npe,ncTasneHa y npHMaTOB 11 

qenoseKa. K ocHOBHhIM npH3HaKaM K-cTpaTeros OTHOCHTCH: HH3KaH nno,nOBH

TOCTh, 3Ha'lHTenhHaJI npo,nOll)KlfTenbHOCTb )Klf3HH, KpyrrHbie pa3Mepbl oco6eì1 H 

ceMHH, MOLUHbie KOpHeBble CHCTeMbl, BblCOKaJI KOHKypeHTOCTIOC06HOCTb, Bb!CO

Ka51 cneuHanH3aUH51 o6pa3a )Kl13HH, lJaCTO Ha6mo,naeMa51 ,nOMHHaHTHOCTb B 6tto

reoueH03aX. CKopocTh pa3MHO)KeHH51 K-cTPaTeros na,naeT no Mepe npH6n11)Ke

HHH K noporosoì1 nnOTHOCTH non ynHUHH H pacTeT np11 HH3KOH nnoTHOCTM. 

,ll;MaMeTpanbHO npoTHBOTIOllO)KHa51 CTpaTerHH r peaJIH3yeTC51 B cpe.ne CO 

3HalJHTellbHbIMH OTKllOHeHH51MH OCHOBHhIX napaMeTpOB OT OTITHMan bHOro ,nnH 

)Klf3HH opraHH3MOB 3HatieHMH. B HeycToì1q11soì1 OKpJìi<aIOmeì1 cpe,ne nonynHUHH 

HatIHHaeTC51 e HH3KOro ypOBH51 e nocne,nyIOLUHM 3KCTIOHeHL{HanbHbIM pOCTOM 

'IHCneHHOCTH. B TaKoì1 cpe,ne nepHo,nHtieCKH Ha6n10.naeTCH Maccosoe BhIMHpa

HHe e nocne,nyIOLUHM 6hICTpbIM pocTOM tIHcn eHHOCTH nonynHJJHH. B nepHO,nhI 

pocTa lJHCneHHOCTH rrorrynHUHH Me)K,ny co6oì1 KOHKypHpyIOT B OCHOBHOM MOllO

,nbie opraHH3Mbl, TI03TOMY HaHnyq rueì1 OKa3blBaeTC51 CTPaTerHH MHOrolJHCneHHO

ro TIOTOMCTBa, roTOBOro 3aH51Th ocso6o,nHBWYIOC51 HHWY. TaKa51 CTpaTerHH on

paB,nbrnaeT ce651 H BO speMH nepHO,!lHlJeCKHX CTHXHHHbIX 6e,nCTBHH, TIOCKOllbKY 

neTanbHbIH HCXO,n 06bI'lHO CB513aH He e KOHKypeHTHhlMH npeHMyIUeCTBaMH, a e 

6onee HnH MeHee cnyqaì1HhIMH co6bITHHMH. TaKHM o6pa3oM, 3a60Ta o noTOM

CTBe He ,naeT HHKaKoro npeHMyIUeCTBa, TIOCKOllbKY Bbl)KHBaHHe ,D.eTeHbJWeì1 B 

peanbHOCTH He 3aBHCHT OT BllO)KeHHbIX B BOCTIHTaHHe po,nHTenhCKHX ycHnHH. 
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I1 xon1 JlMlllb OlleHb HeMHOrMe npe.ucTaBMTeJIM noTOMCTBa CMoryr BbDKMTb B 

HOpMaJibHb!X ycJIOBMl!X cpe,Ubl, OHO 6b1CTpO B03bMeT sepx B ycJIOBMl!X Macco

BOro Bb!MMpaHMll s .upyrnx nonyJI.HI.\Ml!X B KpMTMl!eCKMX ycnosMl!X. K r-BM.UaM 

OTHOCl!TCll: 6aKTepMM, sce O.UHOJieTHMe pacTeHMll ( COpH.HKH ), MHOroJieTHMe pac

TeHM.H (MHOrHe 3JiaKM, nOJib!Hb, MBbl, 6epe3bl 6eJial! M KaMeHHall, OCMHa, JlMCT

BeHHMUa), HaCeKOMbJe-spe.uMTeJIM (TJIM, JlMCTOe,Ubl, CTBOJIOBbJe spe,UMTeJIM, CTa,U

Hall cpa3a capaHl!M) . .[J:nll BM.Ua, peanmyIOmero r-cTpaTermo, ropa3.uo sa)!(Hee 

CKOpOCTb pa3MHO)!(eHHll, He)!(eJIM noTeHUMaJibHal! eMKOCTb 3KOCMCTeMbl - OHM 

«6epyn> He KalleCTBOM, a KOJIMl!eCTBOM . T aKMM o6pa30M, K OCHOBHb!M npM3Ha

KaM r-CTPaTeros OTHQCjiTCll : BbJCOKal! nJIO.UOBHTOCTb, KOpOTKOe speMl! pereHe

paUMH, Bb!COKall l!MCJieHHOCTb, 06b!l!HO MaJible pa3Mepbl oco6eii (y pacTeHMH 

MeJIKMe ceMeHa), MaJiall npO.UOJl)!(MTeJibHOCTb )!(M3HM, KpaTKOBpeMeHHOCTb MeCT 

0611'raHMH, HM3Kal! KOHKypeHTOCnoco6HOCTb. 

Cne.uyeT OTMeTMTb, l!TO 3TM CTpaTerMH He l!BJilllOTCll B3aMMOMCKJIIOl!aIO

IUMMM. TaK, r-CTPaTerM 6bICTpo M B 6oJibllIMX KOJIMl!eCTBax 3aCeJljlfOT HOBbie 

TeppMTOpMM (HanpMMep, MHBa3MHHbJe BM.[(bl), HO, KaK npaBMJIO, B Te'leHMe 

)!(M3HH O.UHOro-.usyx noKoJieHMH cMeHlllOTCll K-cTpaTeraMM. A y .uepesbeB Ha-

6nIO.r1aIOTCll TaKMe npMcyiu11e K-cTPaTer11M qepTbI, KaK .uonroJieTMe M 6oJibll!all 

KOHKypeHTOCnoco6HOCTb, HO B npouecce pereHepaUMM OHM Bbipa6aTbIBalOT 

Tb!Cll'IH nno.uos M pacnpOCTPaHl!IOT MX Ha 3Ha'IMTeJibHbIX TeppMTOpMllX, 'ITO 

npMcyme r -cTpaTeraM. B 3KOCHCTeMax, HapyweHHhIX s pe3yJibTaTe 3KOJIOrM'le

cKMX KaTacTpocp, r- M K-cTPaTerHM MrpalOT O'leHb Ba)!(HYlO pOJib B BOCCTaHOB

JieHMH 6anaHca 3KOCMCTeMbI - 3KOJIOrM'leCKOH cy1<ueccMM. KaK npasMJIO, s 

3TMX ycJIOBMl!X nepBM'IHYlO pOJib, 6naro.uapll csoeii: Bb!COKOH penpo.r1yKTMBHO

CTM, MrpaeT r-CTpaTefMjl, HO no Mepe o6peTeHMll CHCTeMOH ycTOH'IMBOCTH no

CTeneHHO Ha nepBbIH nJiaH BhIXOJIMT K-cTpaTerMll. 

Co cTpaTerMeii: pa3MHO)!(eHMll Homo sapiens TO)!(e He sce O.LIH03Ha'IHO. 

ITocKOJlbKY '!eJIOBe'!eCKOe coo6meCTB0 HeOJ(HOpOJ(HO B CBOeM pa3BMTMM, K 

rpynne K-cTpaTeros e TIOJIHbIM OCHOBaHMeM MO)!(HO OTHeCTM TOJ!bKO HaceJie

HMe 3KOHOMM'leCKM pa3BMTbIX CTPaH . qTO )!(e KacaeTCll MHoro'IMCJieHHoro Ha

ceneHMll cna6opa3Bl1TbIX perMOHOB, TO 3.[(eCb l!BHO npocJie)!(MBalOTCll qepTbl 

r-CTpaTerMM (Bb!COKM CKOpOCTb pa3MHO)!(eHHll, OTHOCHTeJibHO KOpOTKOe speMl! 

)!(M3Hl1 noKOJieHMll, BBM.LIY 3Ha'IMTeJibHOH CMepTHOCTM, M pacceJieHMe Ha TeppM

TOpMH 6onee pa3BMTbIX rocy.uapcTB). B Ka'!eCTSe npMMepos MO)!(HO npMsecTM 

MMrpaUMM M3 cTpaH A3MM, AcppMKM M IO)!(HOH AMepMKM s Espony M Cesep

HYIO AMep11Ky, M3 ceJibCKOX03l!HCTBeHHbIX pernoHOB s KpynHbie ropo.r1a. ITo

na.ua.H B MHb!e COUMaJibH0-3KOHOMM'leCKMe ycJIOBMll, npe.ucTaBHTeJIM 3Tl1X 

CTpaH .UOCTaTO'-!HO 6bJCTpo a.r1anTMPYIOTCll K HOBb!M J(Jlll HMX ueHHOCTl!M M 

np11MbIKa10T K K-cTpaTeraM. 4To )!(e KacaeTCll npM'IHH CMeHbI cTpaTerMH B yc

JIOBMl!X KaTaKJil13MOB, TO J(OCTaTO'IHO BCilOMHMTb MHOfO'IMCJieHHbie MCTOpM'le

CKMe npMMepbl pe3Koro BCTIJieCKa pO)!(,UaeMOCTM nocne BOHH. Ho KaK TOJlbKO 

HaCTYTiaJIM nepttO.Ubl CTa6ttJibHOCTl1, 3TOT noKa3aTeJib .UOCTaTO'IHO 6bICTpo 

(B Te'leHue 1-2-x nOKOJieHMH) CHM)!(aJICll. A.r1eKBaTHall KapTttHa Ha6JIIOJ(aeTCll M 



5.2. 3somOLlll151 opraHll13MOB 111 C006L1.18CTB 389 

B ycnOBIUIX 6bICTporo 3KOHOMl1'-JeCKOro poCTa rocy.uapCTB, paHee cna6opa3Bl1-

ThlX: s nocne.uH11x .uec5IT11neT115lx XX B. 3TO MeKc11Ka, K11Taìi, l1H.UH51, 5InoH115!. 

TaKHM o6pa30M, HeCMOTp51 Ha npHHUHnHaJlhHhie pa3nwm5!, o6e CTpaTerH11 Ha

npasneHhI Ha MaKCHMaJlbHOe B CJ10)1(l1BWHXC51 ycnOBl151X pa3MHO)l(eHHe Ha oc

sa11saeMOH HMH Tepp11TOpl111. 

5.2.1.4. Cnoco6h1 p33MHO)l{emrn 

CneKTp pa3MHO)l(eHH51 B nonyn51U1151X o'IeHh umpoK - OT caMoonno.uo

TBopeHH51 .uo CB060.UHOro HepO.UCTBeHHOrO CKpem11saHH5!. K npoMe)l(yTO'IHb!M 

cnoco6aM OTHOC51T: CB060.UHOe CKpeIUHBaH11e Me)K.uy 6Jll13Kl1Ml1 coce.ll51MH; 

11H6pH.UHHr ( CKpeumsaH11e 6n113Kopo.ucrneHHhIX cpopM B npe.uenax o.uHoìi no

nym1UHH), [IPHBO.ll511Ul1H K nOBbIWeHHIO nocT051HCTBa cjleHOTHnHYeCKHX npH-

3HaKOB B nOTOMCTBe ( CaMa51 Kpaìimrn cjlopMa HH6p11.UHHra - caMoonno.uoTBO

peHHe ); CO'IeTaHHe HepO.UCTBeHHOro CKpeIUHBaHH51 e caMOOnb!JleHHeM, KaK y 

repMacjlpO.UHTHhIX, HO caMOCOBMeCTHMhIX useTKOBhIX pacTeH11ìi H T . .u. Pac

CMorp11M OCHOBHbJe cjlopMbl pa3MHO)KeHH51. 

lloJ1060My pa3MHOJ1Ce1-1wo cnoco6cTBYIOT 3a!UHTHb1e np11cnoco6neH115! -

Mopcjlonorw1ecK11e, cjl11311onornYecKHe H 3Tonorw1ecKHe oco6eHHOCTH nony

Jl51UHìi, o6ecne'IHBalOIUHe HX CTa6HJlbHOe cymeCTBOBaH11e l1 BOCnp0113BO.UCTBO. 

K Mop</JoJ102u1JecKUM 3aUJumHblM npucnoco6J1e1-1uR.M OTHOC51TC51 sce THnhI no

Kpos11TeJlhCTBeHHOH 0KpaCKl1 11 cjlopMbl (HO np11cnoco611TeJlbHblH xapaKTep 

nOKpOBl1TeJlbCTBeHHOH OKpaCK11 l1 cjlopMbl OTHOCl1TeJleH, TaK KaK np11 113MeHe

Hl1l1 YCJ!OBHH 0611TaHH5! OHl1 Tep51IOT CBOe 3aIU11THOe 3Ha'IeH11e), a TaK)l(e opra

Hbl naCCHBHOH l1 aKTHBHOH 3aIUHTbl OT sparos (BKJlIO'Ia51 cpH3110JlOr11YeCK11e 11 

3TonorH'IeCK11e 3am11THb1e np11cnoco6neH115!). 

HeKOTOpb1e )1(11BOTHhie 06na.ua10T spO)K,lleHHhIM 3HaH11eM 06 onacHOCTH, 

HCXO.ll51IUeìi OT Xl1!UHl1KOB, a .upyrHe BblH~,lleHbl npHo6peTaTb ero B Te'IeH11e 

)1(113Hl1. IlepBblH sap11aHT «pa6oTaen> TOJlhKO .UJI51 )KepTB, )1(11BY1U11X B OTHOCl1-

TeJlbHO nOCT051HHblX ycJIOBl151X H, cne.uoBaTeJlbHO, 113 nOKOJleHl151 B nOKOJleH11e 

no.uBepralOIUHXC51 Hana.ueHHIO O.UHHX H Tex )Ke XH!UHHKOB. Ecn11 )Ke ycnos1151 

0611TaHl15! 'IaCTO MeH5llOTC51 l1Jll1 noBe,lleHHe Xl1!UHl1KOB ycJJO)l(H5JeTC51, TO ropa3-

.uo 6onee «BhirO.UHblM» CTaHOBl1TC51 cnoco6HOCTb K o6ytJeHl1IO. MHorne BH.llhl 

Jl51ryrneK OTKJla,llbIBalOT 11Kpy B pa3Hb!X so.uoeMax - OT MeJ!KHX llY)I( .uo 60Jlb

llll1X 03ep, l1 11X ronosaCTl1Kl1 no.uBepralOTC51 yrp03e CO CTOpOHhl pa3HhlX XHll]

HHKOB B 3aBHCl1MOCTl1 OT oco6eHHOCTeìi cpe.Ubl. Ho 11X OKpy)l(alOT He TOJlbKO 

«CB011)) Xl1!UHHKH, HO «'Iy)KJie», no3TOMY 3mOJJ02UIJeCKUe 3QU,/Un1Hble npucno

co6JJeHUfl. .UOJI)l(Hbl 6bITb c6anaHc11posaHhl peaKUHeìi Ha pa3Hb!X Xl1!UHl1KOB. 

Ilp11 pacn03HaBaHHl1 Xl1!UHl1KOB y ronosaCTHKOB cpa6aTb1BaeT «Cnoco6HOCTb K 

o6o6meHHIO», l1 TaKoe 06yqeH11e npoHCXO.UHT OLJeHb 6blCTpo (KaK npaBHJlO, 

.uocTaTO'IHO O.UHOH BCTpeq11 e arpeccopoM). Ho 3Ta cnoco6HocTh He 03Ha'IaeT 

HaJJH'Il151 11HTenneKTa y ronosacT11KOB. IlpocTo ycnOBHhie pecjlneKChI scer.ua B 

rnìi 11n11 11Hoìi cTeneH11 0606ma10T 11HcjlopMau1110 : ecn11 pecjlneKc Bb1pa6oranc51 
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Ha KaKOH-TO onpeneJieHHblH cjlaKTop, TO npyroì1 O'leHb noxmKHH cjlaKTop, CKO

pee scero, Bbl30BeT TaK)'IO )!(e peaKIIHIO. I1 qeM CHJibHee 6yneT OTJIH'laTbC5! HO

BbIH cjlaKTop OT «BbIY4eHHOro», TeM CJia6ee 6yneT peaKI1H5I [30]. 
Ho o6Y<JeHHe MO)!(eT 6hITb H He CTOJib np5!MbIM, a nocpencTBOM cpa6aTbIBa

HH5I reHeTH4ecKoì1 HHcpopMaIIHH: «pecjJJieKCbI» npwo6peTaIOTC5I He nYTeM o6Y<Je

HH5I, a 3a cqeT MYTa11wì1 H OT6opa B n n HHHOH qepene noKoJieHHH. OcHOBbI reHe

THKH noseneHH5! 6bIJIH 3aJIO)!(eHbI eme B IV B. EJia)!(eHHbIM AsrycTHHOM, OTMe

THBIIIHM, 'ITO y pb160K He TOJibKO BHeIIIHOCTb, HO H noseneHHe nOTOMKOB 

HanOMHHaeT ponHTeJibCKOe. 0Ka3aJIOCb, 'ITO B rrpenenax onHoro H Toro )!(e BHna 

pa3Hble oco6H o6Hap~HBaIOT pa3JIH4Hble cnoco6HOCTH K 06Y<JeHHIO H 3aIIOMH

HaHHIO, CB5!3aHHbie e pa3JIH'IH5!MH B 3cpcpeKTHBHOCTH cpyHKllHOHHpoBaHH5I Heps

HblX ceTeH. 51pKHM npHMepOM B3aHMOCB5!3H reHeTH'leCKOH neTepMHHaIIHH e 

cpopMaMH noseneHH5I 5IBJI5IIOTC5! Ha6n10neHH5I Han ocaMH Habrobracon : caMIIbI 

yxa)!(HBaioT 3a caMKaMH Habrobracon, a caMKH napaJIH3yIOT )!(aJIOM JIH'IHHKH 

orHeBKl! MeJibHHqHOH. y noJIOBbIX M03aHKOB OCbl B TKaHH M03ra Y<JaCTKH KJie

TOK, xapaKTepHblX nJI5I caMIIOB, rrepeMeIIIaHbl e Y<JaCTKaMH reHeTH'leCKH OTJIHq

HbIX KJieTOK caMOK, Il03TOMY 3TOJIOfHqecKHe HOpMbl MOfYT KapnHHaJibHO Me

H5ITbC5I - caMIIbl IlbITaIOTC5! yxa)!(HBaTb 3a JIH'IHHKaMH orHeBKH H )!(aJIHTb CBOHX 

caMoK. TaKHM o6pmoM, cnoco6HOCTH K o6y<JeHHIO, cpopM11py10m11ec51 B xone 

HHnHBHnyaJibHOro pa3BHTH5I opraHH3Ma, ocymeCTBJI5IIOTC5! He TOJibKO non neì1-

CTBHeM reHeTwqecKoro MaTepwana, HO H non B03neì1CTBHeM BHeIIIHeH cpenbI, H 

cnoco6Hbl KaK 6naronpH5!TCTBOBaTb peanma111111 HacnenCTBeHHOH HHcpopMaIIHH, 

TaK H 6JIOKHpOBaTb ee Ha onpeneJieHHb!X 3Tanax pa3BHTH5! opraHH3Ma. 

IloJIOBOH n11MopcpH3M (aHaTOMH'leCKHe pa3JIH'IH5I Me)!(ny caM11aM11 H caM

KaMH onHoro H Toro )!(e 6HOJIOfHqecKOfO BHna) y )!(HBOTHbJX, KaK npaBHJIO, 

Bb!pa)!(aeTC5I B pa3JIHqH5fX no nBYM rpynnaM noJIOBb!X npH3HaKOB: neps11qHblM 

np113HaKaM, HenocpenCTBeHHO OTHOC5!mHMC5I K pa3MHO)!(eHHIO, H BTOpH'IHb!M -

cnoco6cTBy10m11M nowcKy 6paqHbJX napTHepos (pmMepb1 scero opraHH3Ma H 

ero <JacTeH, cpH3H4eCKa5! CHJia, yKpaIIIeHH5I H neMOHCTpa11HOHHOe noseneH11e) . 

Ka3aJIOCb 6b!, BTOpH4HbJe IIOJIOBbie np113HaKH He 11rpaIOT cymecTBeHHOH pOJIH 

B npo11ecce ecTeCTBeHHOro OT6opa, nOCKOJibKY OHH He 5IBJI5!IOTC5! npH3HaKaMH, 

6.riaronpH5ITHbIMH nJI5! scero BHna H Heo6xonHMb!MH arp116YTaMH B npouecce 

pa3iv:Ho)!(eHH5!. Ho OHH nOBbIIIIaIOT sepo5!THOCTb ycneIIIHOCTH cnapwsaHHH nn5! 

Tex caMIIOB, KOTOpbie HMH 06nana10T. Bo3HHKHOBeHHe pa3H006pa3Hb!X BTO

pH'IHbIX nOJIOBbIX npH3HaKOB eCTb pe3yJibTaT B3aHMoneì1CTBH5I pa3JIH'IHb!X 

rrpoueccos. YKpaIIIeHH5!, neMOHCTpa111111, necHH 11 3anax MoryT cJI~HTb KaK 

CTHMYJI5!TOpaMH npH yxa)!(HBaHHH, TaK H cne1111cjJH'IHblMH on03HaBaTeJibHbIMH 

CHrHaJiaMH, H 3TH npH3HaKH MOfJIH B03HHKHYTb B pe3yJibTaTe OT6opa, HanpaB

JieHHOro Ha C03naHHe penponyKTHBHOH H30JI5IllH1! H nOJIOBOfO OT6opa. MHorHe 

H3 oco6eHHOCTeì1 BHeIIIHero s11na neJiaIOT oco6eil JierKO 3aMeTHbIMH nJI5! xttm

HHKOB H, TeM He MeHee, OHH O'leHb IIIHpOKO pacnpocTpaHeHbl B npttpone. Cne

nosaTeJibHO, npeHMymeCTBa, KOTOpbie naIOT 3TH oco6eHHOCTH B conepHH'leCT

Be 3a o6nanaHtte oco65!MH npyroro nona 3HaqttTeJibHO 6onee ueHHhI, qeM ttx 
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He.n.ocTaTKH. 3n1 pe3KO BbI.LJ.eJUl!Oll.IHeC.si BHelllHHe np113HaKH pa3Bl1Ba!OTC.ll: npe-

11Myll.leCTBeHHO y caMuos. CaMeu, KOTOpbIH )!<HBeT He.n.onro, HO, 6naro.n.ap.si: 

CBOeii .si:pKOH BHelllHOCTl1, npo113BO.Ll.11T MHOro DOTOMKOB, ropa3.LJ.0 6onee ueHeH 

.Ll.Jl.11 nonyJI.sI:UH11, '!eM TOT, KOTOpb!H )1(11BeT .LJ.OJirO, HO OCTaBmleT MaJIO'!HCJieH

HOe noTOMCTBO. A y MHOr11x BH.LJ.OB )J(HBOTHhIX no.n.aBJI.sI:!Oll.lee 60JiblllHHCTBO 

caMUOB H BOBCe He Y'faCTBYIQT B pa3MHO)J(eHHH. Eme .LI.O cnapHBaHH.11: Me)l(.LJ.y caM

uaMH B03HHKaeT )J(eCTO"laiiwa.si KOHKypeHl{H.11: 3a caMOK - np.siMa.si (npo.si:BJI.lleTC.11: B 

BH.LJ.e 6opb6b! 3a Tepp11ropHH HJIH TYPHHpHbIX 6oes) H KOCBeHHa.si: ( o6ycJIOBJieHa 

BbJ6opoM caMOK). flpH KOCBeHHOH KOHKypeHl{HH caMl{bl .n.eMOHCTPHPYIOT .si:pKyIO 

aTPH6YTHKY BHewttero BH.LJ.a HJIH CJIO)J(HOe nose.n.eHHe yxa)J(HBaHH.11. 

y 60JiblllHHCTBa BH.LJ.OB )J(HBOTHblX BbI6op 6pa'!HOro napTHepa ocymecTB

JI.sI:eTC.11: npeHMymecTBeHHO caMKaMH, nOTOMY '!TO, BhI6Hpa.si .sipK11X H CHJ!hHbIX 

caMl{OB, -t!parMaTH'!Hb!e CaMKH Bh!6Hpa!OT xopowHe reHbl .LJ.Jl.11: CBOHX DOTOM

KOB. EcnH )!(e 3a60Ty o nOTOMCTBe 6epeT Ha ce6.si caMeu, Tor.n.a Y*e He caMUhI, 

a caMKH CTapa!OTC.11 npHBJie'!h BHHMaHHe noTeHuHaJibHOro napTHepa pHTyaJib

Hh!MH TattuaMH (HanpHMep, y CTpaycos). Bo3MO)J(eH H TpeTHH sapHaHT: 3a6on 

o nOTOMCTBe 060!0.LJ.Ha ( caMKa npHCMaTpHBaeT 3a HKpoii, caMeu oxpatt.sieT Tep

pHTOpH!O ), Tor.n.a pa360p"IHBbl o6a napTHepa. 0.n.HaKO y p.si.n.a )J(HBOTHbIX, H y 

"leJIOBeKa B TOM "IHCJie, npH cpopMHpOBaHHl1 6pa'!Hh!X nap Ha6JI!O.LJ.aeTC.ll BhI6op 

ce6e no.n.o6Hb!X - «DOJIO)J(HTeJibHall accopTaTHBHOCTh» (H B 3TOM CJIY'fae '!aC

TO Ha6mo.n.aeTC.sI: npe.n.nO'!TeHHe 6JIH3KHX po.n.crneHHHKOB) [31]. 

YcTaHOBJieHo, '!TO CaMOOn!loÒomeopR10Ufuecfl euòb1 pa3MHO)J(a!OTc.si, npH 

npO'!HX paBHbIX ycJIOBH.llX, B.Ll.BOe 6bICTpee, '!eM pa3ÒeJlbNOnO!lble (BKJ!l0'!3.ll 

nonosoe H nepeKpecTttoe pa3MHO)J(eHHe). KpoMe Toro, npH 6ecnonoM pa3MHO

)l(eHHH, BO-nepBbIX, OTCYTCTBY!OT npo6JieMbI, CB.sI:3aHHbJe e DOHCKOM DOJIOBOro 

napTHepa, a BO-BTOpbIX, Ka)J(.n.a.si: oco6b nepe.n.aeT CBOHM nOTOMKaM Bee CBOH 

reHbl (a He DOJIOBHHY KaK npH nOJIOBOM), CJie.LJ.OBaTeJJbHO, ODTHMaJibHbie reHo

Mbl HaCJJe.LJ.y!OTC.11 BCeMH DOTOMKaMH .n.aHHOH oco6H. 

IlepeKpeCTHOe onJJO.LJ.OTBOpett11e BCTPe'!aeTc.si tte TOJJhKO y pa3.n.enbHOno

JibIX opraHH3MOB. HarrpHMep, Mttonre 6ecno3BOHO'!Hbie .si:BJI.si:!OTC.si: repMacppo.n.H

TaMH, OIIJ!O.Ll.OTBOp.s!lOillHMHC.11 nepeKpeCTHO, H y pacTeHHH, KaK 113BeCTHO, nepe

KpeCTHOe 'onbIJieHHe o6oenOJibIX oco6eii TO)J(e BCTpe'!aeTC.11 DOBCeMeCTHO. 

0.n.HOH 113 cpopM DOJIOBOro pa3MHO)l(eHl1ll oprattl13MOB llBJI.si:eTC.11: napme1-102e

Ne3, B03HHKWHH B npouecce 3BOJI!Ol{HH opraHl13MOB y pa3.n.enhHODOJJblX cpopM . 

B 3TOM CJIY'fae )l(eHCK11e rronoBbie KJieTKH pa30110a10TC.11 6e3 onno.n.0TsopeH11.11, H 

caMKl1 MOrYT o6na.n.aTh y.n.soeHHhIM, YTPOeHHhIM H .n.a)l(e Y'feTsepettHbIM Ha6opoM 

xpoMOCOM, a y tteKorophIX pb16 11 Toro 6onhwe. B pa3MHO)l(eHHH MOrYT Y'f3CTBO

saTb 11 caMl{bl (.n.a)J(e caMl{bl .n.pyroro 011.n.a), HO npH 3TOM CJJH.si:HH.11: MaTepHHCKOH 11 

OTUOBCKOH raMeT He npo11cxo.n.11T, OTUOBCKal! raMeTa TOJ!hKO HHl1l{H11pyeT pa3BHT l1e 

.siì1ueKJieTK11 e MaTepHHCKHM Ha6opoM xpOMOCOM. 0.n.Ho 113 rnaBHbIX 6HOJ!OrH'!e

CKHX npe11MymecTB napTeHoreHe3a 3aKJIIO'!aeTc.si a cnoco6HoCT11 scex oco6eì1 oc

TaBJI.si:Th DOTOMCTBO, '!TO cnoco6crnyeT ycKopeHH!O TeMna pa3MHO)l(eHH.sI: BH.LJ.a. A B 

Tex CJ!Y'fal!X, KOr.n.a 113 OIIJIO.LJ.OTBOpeHHbIX .siì1ueKJieTOK pa3BHB3!0TC.ll caMK11, a 113 
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tteonno.uoTsopeHHhIX - caMuh1, napTettorette3 cnoco6crnyeT perymiposaHHIO 

LfHCJleHHb!X COOTHOilleHHH nonos (Hanp11Mep, y nqen). TaK, B HaCTOll!Uee speMJI 

H3BeCTHO OKOJ10 70 Bl1)l0B pb16, aMqm611ìf H npeCMhIKaJOIUHXCll, B nonyflllUHllX KO

TOpblX caMKH cnoco6Hbl np0113BO)lHTb CTOTOMCTBO 6e3 caMuOB. 

YLfeHhie npHillJ111 K Bb!BO)ly, LfTO B OCHOBe :noro cnoco6a pa3MHO)!(eHHll 

Jle)!(aJlO 6nl13KOpO)lCTBeHHOe CKpemHBaHHe pa3J111LfHhIX BH)lOB, o6ecneLfHBaJO

mee KpaTHoe ysen11LfeHHe q11cna xpoMocoM B raMeTax MaTep11 11 OTua. ITpe.u

no)!(etto TPl1 sapHaHTa B03Hl1KHOBeHHll rrapTeHorett3a: 

I. B llìfueKneTKe npH co3pesatt11H He npottcxo.uttno p a3.ueneHHll )lHrrno11.utto

ro Ha6opa xpOMOCOM, B pe3yJ1hTaTe qero tta6op xpOMOCOM TaK H OCTaBan

Cll )lBOHHb!M. ITo:noMy B OTUOBCKOH raMeTe He 6binO Heo6XO)lHMOCTH, H 

OHa, )la)!(e rrorraB B nonOBhie nyTH caMKH, OTM11pana, a ITOTOMCTBO nony

qano JlHTIJ1011)lHhIH MaTep11HCKl1H tta6op xpoMOCOM . 

2. CaMKH e )lHnnoH)lHhIM tta6opoM xpoMocoM s llì1ueKneTKe Bee )!(e cKpemH

sanHch e HOpMallhHhIMH caMUaMH, .ua10mHM11 ranno11)ltth1e raMeThI. B pe-

3YllhTaTe TIOTOMCTBO nonyqaJlOCb TPHIIJlOH)lHblM. ,ll;anee TpHnJlOH)lHhie 

caMKl1 .uasanH o.uHorronoe TPl1IIJlOH)lHoe noTOMCTBO. 

3. CymecTBYIOT H TeTPaIIJlOH)lHhie caMKH, KOTOph1e rrpoH3BO)ll!T TeTpanno

H)lHOe noTOMCTBO. 

J13yqett11e l!IUep11u IIOKa3allO, LfTO pa3H006pa3He flOJlHIIJ1011)lHb!X Ha6opoB 

xpOMOCOM npHBO)ll1T K CTOJlb 3H8LfHTeJlhHblM BHellJHl1M pa3llHLfHllM, LfTO )lByTIO

Jlhie H O)lHOIIOJlhie norryfll!ul1H CO CXO)lHh!M nepBHLfHblM Ha6opoM xpOMOCOM CLfH

TallHCb pa3HhIMH BH)laMH. H. C. )J;apeBCKHH, rrepBOOTKpblBaTenh 3TOro l!BJleHHl! 

y muepHu, rrpe.urronaran, YTO pa3MHO)!(ett11e 6e3 caMuoB - Bcero JlHillh MexaHH3M 

Bbl)!(l1BaHHll BH)la npH 60JlhllJOH pa3pe)!(eHHOCTH oco6eì1, 6naro.uapl! KOTopoMy 

O)lHHOKM caMKa, He BCTPeTHB B flO)lXO)ll!IUee BpeMl! caMua, crroco6Ha rrpo.uon

)!(HTb csoì1 po.u [32). Ho B03MO)!(HO 11 .upyroe MHeHHe - napTeHoreHe3 l!Bfll!eTcll 

O)lHHM 113 MexaHH3MOB flOl!BJieHHl! HOBblX Bl1)l0B: oco6H .usyx BH)lOB, CKpeIUHBa

l!Cb, y.uBaHBalOT csoì1 xpoMOCOMHhIH tta6op, B pe3ynhTaTe qero nol!Bfll!eTCll rette

Tl1LfeCKH H MopctionornqecKH HOBblH BH)l. [33] HoBb!H BHTOK )lHCKYCCHH o 3HaLfe

HMH rraPTeHorette3a nano OTKphIT11e 6ecrronoro pa3MHO)!(eHHl! y sapaHOB, rrapTe

HoreHeTHLfecKoe IIOTOMCTBO KOTOpb!X rrpe)lcTaBJieHo HCKJllOLfHTeJihHO CaMuaMH, a 

caMKH IIOl!Bfll!JOTCll TOJlhKO rrp11 IIOJlOBOM pa3MHO)!(eHHH [34] . 

3aLfeM )!(e H~HO IIOJIOBOe pa3MHO)!(eHHe H 3aLfeM HY)!(Hbl caMUhl, KOTOphie 

OLfeHh .uoporo o6xO)ll!TCll rrorryrrl!UHH? BH.UHMO, rronosoe orrno.uoTBOpettHe .ua

eT TaKHe rrpeHMymeCTBa, KOTOphle nepeKph!BaJOT )la)!(e )lBOHHOH BhIHrpbllll B 

3 ctJctJeKTHBHOCTH pa3MHO)!(eHl1ll, nonyqaeMb!H rrp11 OTKa3e OT caMUOB. ECTb 

MHOro fHIIOTe3 o rrpHpo.ue 3THX rrpe11MymecTB. Ho OCHOBHal! cyTh, Bl1)lHMO, 

cocTOHT B crre.uy10meM. EcnH y 6ecrrorroro opraHH3Ma B03HHKaeT spe.uHall MY

TaUHll, TO OHa 6y.ueT nepe.uasaTbCll BCeM ero IIOTOMKaM 113 noKOJ1eHl1ll B noKO

neHHe ( eCJlH He npOH30H)leT ManosepOl!THal! o6paTHall MyTaUHll) . ITOCKOJlhKY y 

6ecnOJibIX opraHH3MOB OT6op MO)!(eT OT6paKOBhIB8Tb TOJlbKO ueJlhie reHOMbl 
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(L10eTaTO'IHO 60Jibll!Oro pa3Mepa - '.HO eymeerneHHO!), a He OT):leJibHbie reHbl, 

B qepeL1e nOKOJieHHH MO)!(eT npotteXOLIHTb HeyKJIOHHOe HaKOnJieHtte Bpe):IHbIX 

MyTau11ì1. l1 TOJibKO B e11yqae He60JiblllHX reHOMOB, HanpttMep, y KpyrnhIX qep

seì1, 3TOT BHLI MO)!(eT n03BOJIHTb ee6e eaMOOnJIOLIOTBopetttte [35]. (Xorn B 6110-

11or11qeeKOH 3BOJIIOUHH eymeeTBYIOT npttMepbl yenell!HOro OTKa3a OT nOJIOBOro 

pa3MHO)!(ettm1. HanpttMep, KOJiospaTKH Rotifera, YTPaT11Bll!11e no11osoe pa3-

MHO)!(ett11e ):leeHTKH Ml1JIJIHOHOB JieT Ha3a):I, LIO ettx nop oeTalOTeH npouseTa!O

llleH rpynnofi, Hae'!l1Tb1Ba10meì1 OKOJIO 400 Bl1LIOB.) 

Ee11tt )!(e opraHl13MhI pa3MHO)!(aIOTeH no110BbIM nyTeM 1111tt ttenoJih3YIOT 

nepeKpeeTHOe onJIOL10TBOpeH11e, HHLll1BHL1ya11bHbie reHOMhl noeTOHHHO paeebI

na!OTCH 11 nepeMell111Ba10TeH, a HOBhie reHOMbl <!>opM11py10TeH 113 <!>parMeHTOB, 

paHee npttHa):IJie)!(aBllll1X pa3HhIM opraHl13MaM. B pe3y11bTaTe B03Hl1KaeT 2eHo

cjJoHÒ nOJIHMOp<!>HOH nonyJIHUHH - eOBOKynHoeTb seex reHHb!X sapttaUHH 
(; 

(a1111e11efi) onpeL1eJieHHOH nonyJIHUH11 - HOBaH eylllHOCTb, KOTOpaH Henptteyma 

6eenoJihIM opraHtt3MaM. B 3TOM e11yqae reHbI no11yqa10T B03MO)!(HOCTh pa3-

MHO)!(aTbCH 1111tt Bb16paKOBbIBaTbCH He3as11e11Mo L1pyr OT L1pyra, H, B pe3yJihTa

Te, nonyJIHU11H HCDOJib3YeT Bee eBOH a1111e1111 LIJIH onT11MaJihHOro np11enoeo611e

Hl1H K 0Kp~a10ll\eì1 cpeL1e. TaK11M o6pa30M, nptt no11osoM T11ne pa3MHO)!(eHl1H 

yeKOpHeTeH HaKOnJieHHe noJie3HbIX MyTau11ì1 11 H3bHTHe Bpe):IHblX - ):lefieT

BeHHaH noMOlllh nonyJIHUHHM B npoueeee aL1anrnu1111 [35]. KpoMe TOro, eaMKl1 

nyTeM TlllaTeJibHOro OT6opa napTHepOB ):IOnOJIHHTeJihHO nOBbilllalOT :><!><!>eK

Tl1BHOeTb o'f6paKOBKl1 speL1HhIX H HaKon11eH11H no11e3HbIX MyTau11ì1 . CornaeHo 

TeopHH «ODTl1MaJibHOro ayT6p11L111Hra» ( O):IHa H3 <!>opM Hepo):leTBeHHOro OT6o

pa, ):la!OmaH r116pttL1bI), BHL1bI/nony11HUHl1, pa3MHO)!(alOllll1eeH nOJIOBblM nyTeM, 

LIOJI)!(Hbl npe):lnO'IHTaTb napTHepoB e npoMe)!(YTO'IHOH eTeneHblO reHeTJ1l-IeeKo

ro poL1eTsa: He e1111ll!KOM 611113Kl1X, HO 11 He eJIHWKOM L1aJihHHX [36] . TaKHM o6-

pa30M, 113JIO)!(eHHb!H MaTepttaJI n03BOJIHeT e):leJiaTb Bb!BOLI o TOM, 'ITO nOJIOBOe 

pa3MHO)!(eHl1e eTaJIO BbI):lalOll\11MeH ):IOeTl1)!(eHtteM 6HOJI01H'IeCKOH 3BOJIIOU1111, 

eymeeTBeHHO DOBhJel1Blll11M yeTOH'Il1BOeTb TaKeOHOB. 

5 .2 .1.5. IlpocTpaHCTBeHHO-BpeMeHHbie xapaKrepHCUIKH 
pacrrpe.neneHH51 rrorryn51U:HH 

lfaBeeTHO, 'ITO Hatt6011ee 3<!><!>eKTHBHO e11eTeMa <l>YHKUHOH11pyeT B HeKOTO

pblX xapaKTepHb!X TOJibKO LIJIH Hee npoCTpaHeTBeHHO-BpeMeHHblX npeL1e11ax 

(3aKOH onmuMaJlbHOCmu), a onTHMaJibHb!H pa3Mep ettCTeMbl eOOTBeTernyeT ee 

eTPYKTYPe 11 <!>YHKUHHM. B 3as11e11MoeT11 OT eotJeTaHl1H (s onpeL1eJieHHOM spe

MeHHOM 11HTepsarre) BHYTpeHHHX 11 BHeIJJHl1X yerrOBl1H, Bee nonyJIHU1111 MOfYT 

<!>opM11poBaTb ):IOeTaTO'IHO ycTOH'lHBbJe npOeTPaHeTBeHHO-BpeMeHHbie 11)111 M0-

611JibHbie eoo6ll(eCTBa. (.li:OCTaTO'lHO BCnOMHl1Tb, 'ITO HeKOTOpbie eapaH40BbJe B 

0):1Hl1 nepttO):lbl eKJIOHHbl K pe3Kl1M M11rpaU11HM, a B L1pyr11e - K «Oee):IJIOMY» 

eyll\eeTBOBaHl1!0, B Te'leHtte KOTOporo Ha6rr10L1a10TeH senhIUIKH 'Il1CJieHHOeT11.) 

Jl106h1e <!>aKTOpbI epeL1hI, orpaHtt'lttBalOll\11e paenpoeTPaHeH11e nonyrrHUHH B 

npoeTpaHCTBe, B TOH 11J111 HHOH Mepe HBJIHIOTeH peryrrHTOpaMl1 HX LIHHaMHKl1 BO 



394 lnasa 5. 3somoL1111s:i reo6111occpepb1 3eMn111 

8peMeH11. 11 'leM 6oJTee HecTa611JThHa cpe.na 0611TaHm1, TeM 6oJThIIIe 8epo»T

HOCTh npocTPaHCTBeHH0-8peMeHHOH 8ap11a6eJThHOCT11 caMOH nonyJT»111111. Ta

Kl1M o6pa3oM, xapaKTep npocTpaHCT8eHH0-8peMeHHoro pacnpe.neJTeH11» 11 .n11-

HaM11Ka '111CJTeHHOCTl1 nonyJT»I.111H 0Ka3hIBalOTCH .LlOCTaTO'IHO TeCHO C8H3aHHhl

Ml1. ApeaJT 811,Lla MO)!(eT OX8aThIBaTh Tepp11Top1111 .no HeCKOJlhKl1X KOHTl1HeHT08 11 

OKeaH08, a nonyJT»I.11111 - He60JThIIJl1e 1130JT11p08aHHhie 3KOCl1CTeMhl (.no He

CKOJlhKl1X Kl1JTOMeTP08 11Jll1 ,Lla)!(e MeTp08, 8 3a811Cl1MOCTl1 OT CTeneH11 1130JTHI.11111 

11 pacnpocTpaHeHHOCT11 nonyJT»111111), HO 8 JT1060M cJTyqae cy111ecrny10T 0611111e 

3aKOHOMepHOCTl1 npOCTPaHCT8eHHOI'O pacnpe.neJTeHl1H nonyJT»I.111H. 

flpocmpaHcmee1mo-epeMeHHoe pacnpeòeJteHue nonyflRZJUU np11H»To pac

CMaTp118aTh 8 3a811C11MOCTl1 OT 83al1MOC8H311 Me)!(.ny oco6»Ml1 8 nonyJI»I.11111 11 

xapaKTepa pacnpe.neJieH11» . 

B coomeemcmeue e 1-M munoM, ocHo8aHHhIM Ha co1111aJihHhIX 11 Tpoqm

'leCKHX 83al1MOC8H3HX 8 npe.neJiaX 0,LlHOH nonyJT»I.111H 11 Me)!(.ny nonyJI»UHHMH, 

pacnpe.neJieH11e no.npa3.neJI»eTc» Ha cJiy'laìiHoe, rpynno8oe 11 pa8HOMepHoe 

{pttc. 5.14). CJ1yi1auHoe pacnpeòe;zeHue xapaKTep113yeTc» Hepa8HOMepHOCThlO 

pacnpe.neJieH11» oco6eìi 8 npe.neJiax nonyJI»1111ìi, C80HCT8eHHOH Hal!aJihHOMY ne

p110.ny pacceJieHl1», 11, CJie,Ll08aTeJihHO, CJia6o 8hipa)!(eHHhlMl1 83al1MOC8H3HMl1 

Me)!(.J:ly oco6»M11 (p11c. 5 .14 a). 3TOT THTI xapaKTepeH .LlJI» nonyJI»I.111H )!(1180THhIX, 

y KOTOph!X CJia6o 8hlpa)!(eHhl COUHaJihHh!e C8H3H, HJIH Ha Ha'laJihHOM 3Tane pacce

JieHH» HH8a311HHhIX 811,Ll08, 11CI1h!ThIBalOII.IHX 3Ha'l11TeJihHOe yrHeTeH11e CO CTOpo

Hhl a6op11reH08, KOTOph1e Ha 3TOM 3Tane onpe.neJI»IOT oco6eHHOCTl1 coo6111ecrna. 

I'pynnoeoe pacnpeòe;zeHue 8CTPe4aeTc» Ha1160Jiee l!aCTO 11 OTPa)!(aeT Heo.nHopo.n

HOCTh ycJI0811H 0611TaH11» HJIH pa3Hhle OHTOreHeT11'leCK11e ( 803paCTHh!e) 3aKOHO

MepHOCTH nonyJI»111111 (p11c. 5.14 6). CYII.lecrneHHO, '!TO np11 rpynno80M pacnpe

.neJieHHl1 06ecne'!118aeTc» HaH60JihIIIa» ycTOH'll180CTh nonyJI»UHH ( cTa.no, cTa», 

KOJTOHH» 11 T . .n.), IlOCKOJihKY 8 3TOM CJiyqae cy111ecT8yeT .LlOCTaTO'!HO npOl!Ha» 

83aHMOC8»3h Me)!(.J:ly oco6»Ml1. TaK, rpynnaM11 pacceJI»IOTC» co1111anhHhJe )!(1180T

Hhie H l!eJI08eK, nocKOJihKY 8hICTPOeHHhJe 11MH 8HYTP11rynn08h1e C8»311 TPe6ymT 

06111HOCTl1 Tepp11TOpHH. 11 'leM CJIO)!(Hee ceTh 3THX C8H3eH (no 8epTHKaJTH, rop11-

30HTaJIH 11 3TOJIOrn'leCKOH cne11mp11Ke), TeM 6oJihrne Tepp11mp11» o6HTaHH». Pae
HOMepHoe pacnpeòe;zeHue 8 npttpo.ne 8CTPe'laeTC» He '!acm 11 xapaKTeptto .LlJI» 

60JihIIIl1HCTBa Xl11I.1Hl1K08, 8e.ny11111x aKTl18Hh!H o6pa3 )!(113Hl1, a TaK)!(e 8TOpH4HO

ro 0,LlH0803pacTHOI'O .npe80CTO» 8 pe3yJihTaTe CMhIKaHl1H KpOH {pttc. 5.14 6) . 

P11c. 5.14. npoCTpaHCTBeHHO-BpeMeHHOe pacnpe,qeneH111e 
nonyns:iL1111~ s coorneTcrn111111e1-M rnnoM pacnpeAeneH111s:i 
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2-ù mun npocmpw1cm6eHH020 pacnpeòeJZeHUR nonym11..111ì1 3aB11e11T KaK OT 

npHpOLJ.HhIX, rnK 11 OT aHTponoreHHhIX <tiaKTopoB, H noLJ.pa3LJ.em1eTeH Ha TPH 

OeHOBHbie Tepp11Top11aJibHb!e rpynnhI: 60JihWl1e HenpepbIBHbie, 1130II11pOBaH

Hbie KOJIOHHaJibHbie (nonyIIHl..(1111 OCTpOBHOro Tl1na) H Jil1HeHHbie nonyIIHUHH. 

Eonbwue Henpepbl6Hbte nonynR!fUU xapaKTepHbI LJ.IIH eBo6oLJ.HO eKpeuurna10m:11xeH 

opraHH3MOB H noKpbIBalOT 3Ha'!HTeJibHbJe TeppHTOpHH (Hanp11Mep, nonyIIHUHH 

3JlaKOB, pacrymwx Ha nnomaMX LI.O eoTeH KHJIOMeTPOB, lJeJIOBeK, LJ.p03o<tiwna, 

MHorne BHLJ.hI ,nepeBbeB). B 3TOM enY'lae np11HHTO roBopHTh o HenpepbIBHOH reo

rpaqiH'!eeKoì1 H3MeHlJl1BOeTH TIOTIYJIHUHÌ1. Jhonupo6aHHble nony.11.RlJUU o6pa3yIOT 

'!epe,ny TeppHTOp11aIIbHO pa36poeaHHhIX, a TIOTOMY pmo6meHHbIX 11 lJaCTO MaJIO

lJl1CJieHHhIX nonyIIHL(HH (Ha3eMHb!e )1(11BOTHbie, 0611Ta10ll.(He Ha apXHnenarax, OCT

poBax H B ropHOH MeCTHOeTH; o6wTaTeJIH npeeHOBOLJ.HbIX 03ep; opraHH3Mhl, orpa

HH'leHHbie THTIOM TIO'!Bhl 11JIH ropHOH nopOLJ.bl). JluHeÙHble (oÒHOMepHble) nonynR

lJUU B03HHKalOT B Meernx 0611TaHIDI, xapaKTepmyeMbIX 60J!bll!OH nporn)l(eHHOeThlO 

B OLJ.HOM H3MepeHHl1 (BtlOilh pyena peKH, MOpeKoro no6epe)l(bH 11 LJ.p.). 

Aòanma!fUR. Kor.na MhI roBop11M o npoeTpaHeTBettttoì1 opraHmau11w 6wo

ueH030B, TO no,npa3YMeBaeM, 'ITO Bee BHLJ.hI/nonym1.u:1111 xapaKTepw3y10TeH on

pe,neneHHhIMH apeanaMH. 0)].HaKo een11 paeeMaTpHBaTb opraHH3Mbl MHKpoeKO

IlH'leeKHX pa3MepoB, TO yeTaHOBHTh rpaHHl.(hl 3TOro apeana lJaeTO OKa3bJBaeTeH 

LJ.OBOJihHO eJIO)l(HO, noeKOJihKY Bee BHLJ.bl M11KpoopraHH3MOB MOryT 6bITh o6Ha

py)l(eHhl TIOlJTH Be3)].e (TaK, rHHJIOeTHbie 6aKTepHH, oeymeeTBJIHIOll.(He pa3JIO

)l(eHHe opraH11'!eeKoro BemecTBa, BeTpe<IaioTeH noBeeMeeTHO ) . Ho eenw OT 

6aKTepHì1 nepeHTH K npoeTeHll!HM (OLJ.HOKJieTOlJHhIM 3YKapHOTaM), TO LJ.IIH HHX 

nopoì1 MO)l(HO Bh!HBl1Tb onpe.neneHHhie apeanhI paenpoeTpatteHJu1. '.:hw apea

JihI, KaK npaBHJIO, 11 O'leHb o6llIHpHbl, oeo6eHHO 3TO KacaeTeH opraHH3MOB, 

)l(HBYll.\HX B OKeaHe, r.ne HeT 6apbepoB Me)l(LJ.Y OTLJ.eJihHbIMH BOLJ.Hb!MH 6aeeeì1-

HaMH. Pe3ynhTaThI werneLJ.OBaHHH npoeTPatteTBeHttoro paenpeLJ.eneHHH LJ.HaTo

MOBhIX BO,nopoenett Bb!HBl1JIH MaJibie OTJIHlJIDI B TIJIOTHOCTH H O)J.HOpOLJ.HOeTH 

paenpe,neneHHH Me)l(,ny wx coo6meCTBaM11 B CeBepHoì1 ATJJaHTHKe 11 eeBepHOH 

'laeTH T:11xoro oKeaHa, HO 3HalJHTeJJbHbie OTJJH'IHH oT eoo6meeTB IO)l(ttoro 

OKeaHa. 06bHeHHeTeH 3Ta nw<ti<tiepeHl..(11al.(HH, B oeHOBHOM, He,noeTaTKOM a30Ta 

B ceBepHhIX '!aernx ArnaHTH'!eeKoro H T:11xoro oKeaHOB H )l(eJie3a B IO)l(HOM 

OKeaHe, BOLI.hl KOTOporo K TOMY )!(e 6onee XOJJO,UHbie H 6oralJe 6:11oreHHbIMl1 

3IIeMeHTaMH [37]. TaK11M o6pa30M, npoeTpaHeTBeHHOe paenpe,neneHwe opra

HH3MOB CBH3aHO e a,nanrnuwett K yeJJOBl1HM epe,nbI. 

B ocHo6e aòanma!fuu nony.11.RlfUÙ ne:>1Cam pezynupy10uiue MexaHU3.Mbl mpex 

muno6: 

I. Euo!feHomu'lecKaR aòanmalJUR B oeHOBHOM Bbipa)l(aeTeH B TPO<liw'!eeKHX 

OTHOllleHHHX Me)l(LJ.Y opraHH3MaMH. 

2. flonyflRIJUOHHaR aòanmalJUR, B oeHOBe KOTOpoì1 JJe)l(aT MeXaHH3Mbl, T0p

M03Hll.(11e HJJH yeKOpHIOll.(11e (B 3aB11e11MoeTH OT TIJJOTHOeTH nonyJJHL(HH) 

HHTeHeHBHOeTb pa3MHO)l(eHHH, eMepTHOeTb H npoeTpaHeTBeHHOe paenpe

,neJieHHe. 
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3 J1Hòu6uòya.nbHa51 aòanmal{Ufl. Bb1pa)!(aeTCH s np11cnoco6nemrn o6MeHa se

mecTs Ha yposHe oco611 K <P11311Ko-x11Mw1ecK11M ycnos11HM cpe.nb1 (TeMne

parype, BJia)!(HOCTll, ra30BOMY COCTasy, coneHOCTll 11 T. n.). 

AnanTaUllH «CBH3brnaen> npocTPaHCTBeHHoe pacnpen eneH11e li .AllHaM11Ky 

•mcneHHOCTll norrynHUllH. lfacTO TaKllM CTllMYJillPYIOLU11M <PaKTOpOM HBJIHeTCH 

cmpecc - Hecrre11ll<Pll'leCKaH peaKIIllH opratt113Ma 11n11 coo6mecTsa Ha crreu11-

<P11'leCKoe s03nei1cTBlle, npeBbIIIIaIOLUee nopor HapyweH11H roMeocTa3a. CTPecc 

KaK <PopMa 11HL(l1B11L\yanhHOH ananTaUll11, llCflbITbJBaeMblH ocofo!Ml1 IIOTI)'llillll1l1 

BBl1L\Y pocrn ee TIJIOTHOCTll, HeXBaTKll 1mmesbIX pecypcos, TeppllTOp11anbHOH He

.nocTaTO'lHOCTl1, pe3KOro yse1111'IeHl1H 'lllCJieHHOCTll napa3llTOB l1 XllLUHIIKOB li T. n . 

HBJI.HeTCH Ba)!(Hb!M 3JieMeHTOM caMoperyAAUllll rrorryAAUl10HHOH 'll1CJieHHOCTl1. 

TepM11H 6hrn sseneH Y. KeuuoHOM li KaK oco6oe Hanpasnett11e B <P113IIOnorll11 pm

BITT r. Cem,e B 30--40 IT. XX B. (OH Ha3b1Ban L(aHHbIH MeXaHl13M «06U(UM aÒan

mal{UOHHblM cu1-1òpoMOM» ) . Cq11rneTCH, 'ITO rnasHaH ponb CTPecca - M06llnll3a

Lll1H c11n opraHmMa (coo6mecrna) s Kp11TH'leCKOH c11ryaL11111, Ho s neiicTs11Tenh

HocTll CTpecc, oco6eHHO .nJillTeJibHbIH, 'laCTO CHl1)!(aeT )!(113Hecrroco6HOCTb. 

BMeCTe e TeM TO, 'ITO ry611TeJibHO L\AA oco611, MO)!(eT 0Ka3aThCH rrone3Hb!M L\AA 

rronynHu1111 KaK 3KOC11CTeMHOÌ1 enllHl111bI. HanpllMep, 'laCTO s ycnos11Hx npesb1-

weH11H noporosoì1 nnoTHOCTl1 'laCTh oco6eì1 B nonymu1111 11cnbITbIBaeT CTPecc, a 

noToMy MeHee aKTllBHO pa3MHO)!(aeTCH. B naHHOM cnyqae 3TOT MexaHl13M caMope

rymi111111 'll1CJieHHOCTll 3asen0Mo npllHOCllT IIOJih3Y sceì1 nonyJIHllllll. 

B HaCTom11ee speMH" cymecTBYIOT nse rllnoTe3hI, o6bHCHHIOLUlle cTpecc 

KaK MexaHll3M caMoperynHU1111 'll1CJieHHOCTll nonynHL(llH MJieKOIIl1TalOLUllX 

(a B03M0)!(H0, 11 K npyr11x KJiaCCOB II03BOHO'lHb!X) : 

A. f11n0Te3a oT6opa reHeTw1ecKH neTepM11H11posaHHbIX cTepeoTIInos nosene

HIIH (zunome:Ja l/ummu) : Ha pa3HbIX CTaL(llHX nonyJIH11110HHOro UllKJia OT-

6op MO)!(eT 6naronp11HTCTBOBaTb )!(11BOTHbIM e pa3HOH CTeneHhlO ycTOH'lll

BOCTl1 K c-rpeccy. Korna 'lllCJieHHOCTh nonymiL1IIII Mana, npe11MywecTBO no

nyqaIOT oco6ll, KOTOpb1e cn6co6HhI K 3axsary 11 y.uep)!(aHlllO Tepp11Top1110, 

T. e. K pacwIIpeHlllO apeana. OnHaKo no Mepe poCTa nnOTHOCTl1 rronymillllll 

Heo6xonllMOCTh s «arpeccopax-peqiopMaTopax» IICCH"KaeT, 11 e HacryrrneH11eM 

CTa6llJibHOCTll Ha nepsoe MeCTO BbICTYIIalOT «C0311L(aTeJil1». .D:oCTaTO'IHO 

BCIIOMHlITb, 'ITO rnaBHOH rrp11'IllHOH BOHH Me)!(_ny 'leJIOBe'leCKl1Ml1 rpynnII

pOBKaM11 6hrn11 pecypchI (Tepp11rop11anbHb1e, 3HepreT11qecKHe 11 .np.), II no-

6brnaTb lix MOrnll TOJihKO arpeccophI, II03TOMY Heo6xo.nllMhIH Ha orrpe.neneH

HOM 3Tane reH «arpeccl111» nepenasancH no HacnencTsy. Cne.nyeT yqllThIBaTh, 

'ITO CTPecc B ycnos11Hx nocT11)!(eH11H noporosoì1 'lllcneHHOCTl1 norryJI.H111111 

MO)!(eT cnoco6crnosaTb reHeTll'IeCKoì1 «rrepeHac-rpoì1Ke» norrymUllll: B no

TOMCTBe caMOK, nonsepraBIIIllXCH c-rpeccy, YMeHbWaeTCH L(OJI.H reHOTllIIOB e 

BhICOKOH c-rpecc-peaKTllBHOCThlO 11 paCTeT 'lacrnrn MYTllPOBaHHH [38]. 

E>. fIInoTe3a <Pll311onorll'IeCK11x 3<P<PeKToB c-rpecca, o6ycnosneHHhIX nepeyn

JIOTHeH11eM (zunome3a Kpucmuana): c-rpecc, o6ycnosneHHhiì1 nepeHacene

Hl1eM, HanpHMYIO seneT K nonasneH1110 pa3MHO)!(eHllH, pocTa li co3pesaH11H, 
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a TalOKe K ITOBbillieHHOH CMepTHOCTH. 3TOT MexaHH3M caMoperyIDIUHH •mc

JJeHHOCT11 HaH6onee Bblpa)!(eH y MJJeKOITHTaJOll(HX e Hec6anaHCHposaHHOH 

'iHCJieHHOCTblO H Bb!COKOH y.ueJibHOH CKOpOCTblO ee pocTa (MbIWH, JieM

MHHrH). KpoMe TOro, B OTJIH'!He OT rHITOTe3bl qHTTH, crpecc B .uaHHOH CH

ryauHH (y 3THX B11)l0B) MQ)!(eT rrp051BJU!TbC51 B poCTe arpecCHBHOCTH oco6eì1 

He3aBHCHMO OT reHeTH'ieCKOH rrpe.upacrrOJIO)!(eHHOCT11. 0.uHaKO y MHOfHX 

B11)l0B (HarrpHMep, y IT'leJI) 3aMe'!eHa o6paTHal! TeH)leHum1: CHH)!(eHHe ar

peccHBHOCTH rrpH poCTe ITJIOTHOCTH, '!TO rosopHT o B03MQ)!(HQH couHaJib

HOH HarrpasneHHOCTH rrose.ueH'!eCKHX peaKU11ì1 B rrorrynllUH51X [38]. 

I'eHemu'leCKaJl pezyllRL{Ufl o6bllCHl!eT B03HHKHOBeHHe UHKJIOB )lHHaMHKH 

'IHCJJeHHOCTH rrorryJUIUHH H3MeHeHHeM reHOTHllH'ieCKOro ee COCTaBa. llo.u reHe

TH4eCKOH perymiutteì1 MO)!(eT ITO.llPa3YMeBaTbCll o6MeH reHaMH Me)!()ly OC06l!MH 

( CKpell(HBaHHe) HJIH )!(e o6ll(HOCTb HeKOTOpblX reHeTH'leCK11 orrpe.ueJUieMbIX 'lepT, 

yHacne.uosaHHhJX OT o6mero rrpe.uKa. OcHOBHoe 3Ha'leHHe rrorrynllUHOHHbIX KO

ne6aHHi1 o6hI'IHO CBO.llHTCll K cny'laHHbIM H3MeHeHHllM KOHl(eHrpau11ì1 ( oco-

6eHHO HeBbICOKHX) pa3JIH'IHhlX MyrauHì1 H reHOTHllOB, rrpHCYillHX nonyJill1(11llM, 

a TaK)!(e K B3aHMOCBll3H 'IHCJieHHOCTH oco6eì1 B rrorryJillUHH 11 OT6opa (rrpH yse

JIH'-leHHH 4HCJieHHOCTH L(asneHHe oT6opa ocna6esaeT, a rrpH YMeHbWeHHH 'IHC

neHHOCTH - yseJIH'IHBaeTcll) [39] . )J.a)!(e tte6oJibWall rpyrrrra oco6ei1, rrp11 yc

JIOBHH .llOCTaTO'IHOH CKOpOCTH socrrpOH3BeL(eHHll, MQ)!(eT )laTb Ha'laJIO ITOJIHO

ueHHOH rrorryJUIUHH, ITOCKOJibKY y Ka)!(L(Oro opraHH3Ma 11MeeTCll pe3epB CKpbITOH 

reHeTH'leCKOH H3MeH'IHBOCTH 1a C4eT Heì1rpanhHhIX Myrauttì1. Ba)!(HO TOJihKO, 

'IT06bi rpynrra :na .llOCTaTO'IHO 6hlCTPO yseJJH'iHJia CBOIO 'IHCJieHHOCTh. 

EuollOZU'lecKaR UHmpoòyKl,fUR - 3aKOHOMepHbJe HJIH Bhitty)!(.lleHHhie rrepe

MemeHHll oco6eì1 norryJI511(HH, Bbl3BaHHbie H3MeHeHHeM ycJIOBHH o6HTaHHll HJI11 

rpe6osaHHH opraHH3MOB K 3T11M ycJIOBHllM Ha pa3Hb!X CTaL(HllX ero pa3BHTHll. 

3TH rrepeMell(eHH51 crroco6cTBYIOT pacllIHpeHHIO 11 OCBOeHHIO HOBbIX apeaJIOB, 

reHHOMY o6MeHy Me)!(.uy rrorrynl!UH51MH, pocry ycTOH'IHBOCTH B11.lla. 

Eme B cepe.UHHe XX B. 3HaMeHHThIH attrn11ììcK11i1 3Konor qapn3 3nTou B 

Kimre «3KOJIOfHll HailleCTB11H )!(HBOTHb!X H pacTeHHH» llpHBJieK BHHMaHHe K 

rrp06JieMe BH.llOB-BCeJieHl(eB. C TeX nop npo6JieMa HHBa3HHHb!X BHL\OB paCTe

HHH H )!(HBOTHb!X rrp1106pena rno6aJibHb!e pa3Mepbl BBH.llY pacwttpeHHll ccpe

pbl, pocTa 'IHCJieHHOCTH HaceneHHll H ero JIOKaJibHOH llJIOTHOCTH, TaK)!(e CKO

pocTeH aHTporroreHHbIX B03.lleììcTBHH. EcnH B Cpe.llHHe seKa MaKCHMaJJhHal! 

CKOpOCTb pacrrpocTpaHeHH51 WTaMMOB 'IYMbl 11 xonephl onpe.ueJUIJiaCb CKOpo

CTblO ry)!(eBoro TpaHcrropTa, TO B HaCTOl!ll(ee BpeMll JIJ06oi1 HOBh!H BH.ll, B OT

CYTCTBHe rrperpa.u, MO)!(eT OCBOHTb 3eMJIIO 3a C'IHTaHHbie )lHH-He)leJIH. 0CBOHB 

HOBbie TeppHTOpH11, «rrpHilleJJbl]bI» Hepe.llKO Ha'!HHaJOT pa3MHO)!(aTbCll qpe3-

BbI'!aHHO HHTeHCHBHO H qacTo CTaHOBllTCll )lOMHHaHTHblMH B MeCTHbIX coo6-

mecTBax. llpH 3TOM ycJIOBHll <<3aXBaTa» HMH HOBb!X TeppHTOpHH ITO.ll'IHHlllOTCll 

3aKOHOMepHOCTllM aKTHBHh!X cpeL(. 

PaccMOTpHM 3aKOH paeHoeecuR MaKapmypa-YUllCOHa (P. MaKapTyp, 
3. O. Yuncou, «TeopHll ocrpoBHOH 6ttoreorpacpHH», 1967) .llJlll H.lleaJihHOH 
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H30m1poaaHHOH 3KOCHCTeMbl , KOTOpb!H rnacHT: 'IHCJIO BH.llOB B H30JIHpOBaHHOH 

3 KOCHCTeMe 6yneT ITOCTO.l!HHbIM, eCJIH CKOpOCTb Bb!MHpaHH.11 BH}lOB 6yneT paa

Ha CKOpOCTH 3aCeJieHH.ll HOBb!MH BH}laMH [40). IlpH 3TOM CKOpOCTb 3aCeJieHH.ll 

3 KOCHCTeMbl HOBb!MH BH}laMH CHH)!(aeTC.11 rro Mepe pOCTa 'IHCJieHHOCTH BH.llOB, 

a KOJIH'leCTBO Bb!MHpa10m11x BH}lOB, BCJie}lCTBHe B03pacTaJOll{eH KOHKypeHI.(HH, 

6yneT pacrn (pHc. 5.15). 
EcJIH rrorryJI.11UH.ll HaXOJlHTC.11 a TO'IKe paaHoae cH.11 ìv1aKapTYPa-YHJICOHa 

(TO'IKa A), 11 KaKoii-To BH.ll rro TOH HJIH HHOH rrpH'IHHe BhIMHpaeT, acerna HaiineT

c.11 HOBb!H BH}l-HMMHrpaHT, KOTOpb!H 3aifMeT ero MeCTO, ITOCKOJibKy 3KOJIOrH'Ie

CKHe HHllIH rrycTOBaTb He MOryr. Ho eCJIH HOBb!H BH.ll rrpH6hrnaeT B naHHyJO 3KO

CHCTeMy ITOCJie Toro, KaK paBHOBec11e ycTaHOBHJIOCb, TO, BBH.llY BHOBb ycHJIHB

llleiic.11 KOHKYPeHUHH, KaKOH-HH6y_nh H3 BH}lOB 6y.neT o6pe'IeH Ha BbIMHpaHHe. 

TaKHM o6pa30M, mo'lKa paeHoeecUR - 3TO 611onorH'IecKoe pa3Hoo6pa3He, «ecTe

CTaem10e» .llJI.11 naHHOH 3KOCHCTeMbl Ha }laHHOM apeMeHHOM HHTepaane. 

BTopra.11Cb B ~e CJIO)!(HBllleec.11 coo6mecTBO, HHBa3HHHb!H BH.ll 'IaCTO 

rrpHBO}lHT K pe3KOMY B03pacTaHHIO rrponyKTHBHOCTH Ha rrepBOM 3Tarre BCeJie

HH.11, HO B }laJibHeiirneM, rrpH yaeJIH'leHJrn 'IHCJia BH}lOB B }laHHOH 3KOCHCTeMe 

3TOT ITOKa3aTeJib MO)!(eT H CHH)!(aTbC.11. B TO )!(e apeM.11 B ecTeCTBeHHbIX coo6-

mecTaax rrpO.llYKTHBHOCTb, rro Mepe yaeJIH'leHH.11 'IHCJia BH}lOB, o6b!'IHO 803-

pacTaeT acHMITTOTH'IeCKH (pHC . 5.16). 

3ro coornercrnyer np11H1..omy arpera41111 oco6eH B. Omm : cKonneH11e oco6eH, 

yrnmrnaer KOHKypeHU,HIO Me>K,D,y HHMH 3a n11LlJ,eBble pecypCbl H >KH3HeHHOe 

npocrpaHCTBO (28]. 

CKOpOCTb 

3aceneHMJI 3C 
HHB33MilHblMM 

BMA3MM 

KOnM"leCTBO 

BblMMp310IJ.IMX 

BMAOB 

- 061.11ee KOnM'teCTBO BMAOB 

PHC. 5.15. 3aBl1Cl1MOCTb CKOpocrn 3aceneHl1H 3KOCHCTeMbl HOBblM11 B11,QaMl1 

11 411CJleHHOCTl1 BblM11palOLLJ,HX BH,QOB OT 4HCJla BH,QOB, 0611Ta10LLJ,HX B 3KOCHCTeMe 

'tHCneHHOCTb ! 
(npOAYKTMBHOCTb) 1 B 

BMAOB 

BpeMH 

PHc. 5.16 . .Q11HaM11Ka npo,qyKTHBHocrn 011,qoa 
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Ol!eBHLIHO, lfTO MexaHH3MhI, 06ecne1msa10m11e npouseTam1e 011.uos-sce

JJeHues onpe.uem110TC5l, npe)!(.ue acero, 0Tcyrcrs11eM/ ocna6neH11eM cpaKTopos, 

c.uep)!(11Ba10m11x pa3011T11e o6bI'!HhIX .UJJ51 .uaHHhIX ycnos11ì1 011.uos. CospeMeH

Hbie npe.ucTaBJJeH1151 o HaJJH'!l1l1 Tpex aJJbTepHaTHBHhIX CTpaTer11ì1 pacTeHHH, 

ccpopMHpOBaBilll1XC51 B npouecce 3BOJJIOUHH, BOCXO)l51T K pa6oTaM HalUero co

OTelfeCTBeHHHKa Jl. f'. PaMeHCKOrO, KOTOpbIH eme B 30-e rr. XX B. npe)lJJ0)!(!1JJ 

BbI)leJJ51Tb TP 11 nma pacTeH11ì1 [ 41]: 

• BHOJJeHTbl ( «CHJJOBHKH», 6hICTpo 3axsaTb1Ba10ru11e H KOHTpon11py10ru11e 

pecypcb1); 

• naTHeHTbl ( «TepneJJHBUhI», BblHOC51U(He .uecpHUHT pecypCOB ) ; . 

• 3KCnnepeyTbl ( «3anOJJH51IOIUHe», 6bICrpO pa3MHO)!(aIOU(HeC51 BH)lbl, npo-

113pacTaIOU(l1e 06h1'!HO s ttapyilleHHbIX cpe.uax) . 

K CO)!(aJJett1110, 11.ue11 PaMeHcKoro B csoe speM51 tte nOJJYlfHJJH .UOJJ)!(HOro 

pa3Bl1Tl151, 11 qepe3 40 JJeT ~:lK. f'paiiM He3aBHCl1MO CcpOpMyJJHpOBaJJ npe)lCTaB

JJeHHe o Tpex noXO)!(HX THnax cTpaTer11ì1. B ocHose c11cTeMhl C-S-R fpaì1Ma 

DOJJO)!(eHa cnoco6HOCTb pacTeHHH BbJ)!(HBaTb B ycJJOBl151X He)lOCTaTKa/o6HJJH51 

pecypcos [ 42]: 

• «CTpecc-TonepaHTbI, S» (stress-tolerators, S) - BH)lbl pacTeHHH, cnoco6-

Hbie BbJ)!(J1BaTb B ycJJOBH51X HeXBaTKH pecypcos (BO)lhl, CBeTa, 3JJeMeHTOB 

Ml1HepaJJbHOro rmTaHH51), T. e . 3acyxoycTOH'!HBbie, TeHeBblHOCJJHBble H T. n.; 

• «KOHKypeHThI, C» (competitors, C) - BH.llbI , KOTOpb1e cnoco6HbI 3cpcpeKT11B

HO 3axsaTbIBaTb, a 3aTeM H KOHrpOJJHpOBaTb .uecpHUl1THbie pecypchl; )laHHbIH 

THD BH)lOB lfaCTO 51B.llileTC51 )lOMHHaHTHhIM B paCTHTeJJbHhlX coo6rueCTBax; 

• «py.uepanb1, R» (ruderals, R) - BH.llbl, KOTOphre Moryr oqeHb 6b1cTpo 

pa3MHO)!(aTbC51 Ha ocso6o)lHBlUHXC51 MeCTax, HO He cnoco6Hbl npOTHBO

CT051Th KOHKypeHTaM (KaK npaBHJJO, 3TO copHbie pacTeHH51, pa3BHBaIO

Il\HeC51 B HapyllleHHbIX 3KOCl1CTeMax). 

0Ka3anocb, qTo «KOHKypettTbI, C» ropa3.uo c11JJhHee no.usep)!(ettbl Hera

THBHOMY 003.ueì1cTBHIO napa311TOB 11 naToreHHbIX 6aKTep11ì1, qeM «CTpecc

rnnepaHTbI S» [43]. Cyrb 3TOro pa3JJH'!HH o6b51CH5leTc51 TeM, qTo «KOHKypeH

TbI», 0611Ta10m11e B 6onee 6naronp115!THblX ycnoBH51X, 6onhille BKJJa.UbIBaIOT B 

pocT, '!eM B 3aU(HTy BH)la, a DOTOMY pa3MHO)!(a!OTC51 B COOTBeTCTBHH e r-crpa

Temeì1 . C11cTeMa C-S-R 6hrna pa3pa6oraHa .UJJ51 pacTeHHH, HO e onpe.ueneHHOH 

KOppeKTHpOBKOH MO)!(eT 6bITb HCDOJJb30BaHa H )lJJ51 )!(HBOTHblX. 

Ha OCHOBaHHH BblilleH3JJO)!(eHHOro, MeXGHU3Mbl oceoemlf! UN6G3UUHbl/11U 

6UÒGMU N06blX meppumopuu MO.//CHO ceecmu K mpeM OCH06HblM NanpaeJieNURM: 

I. qHCJJeHHOCTb BH)la-a6op11retta 3aBHCHT OT aKTHBHOCTH KOHKypeHTOB, XHU(

Hl1KOB, napa311TOB 11 B036y.u11TeJJeì1 6oJJe3Heì1. 3To DOJJO)!(eHHe xopOillO KOp

pen11pyeT e zunome3ou KnupoM01t0ca, cornactto KOTopoì1 pocT pacTeH11ì1-

a6op11reHoB )lOJJ)!(eH B 3Ha'!l1TeJJbHOH Mepe c.uep)!(11BaTbC51 naTOreHHblMl1 

6aKTep1151MH, q11cJJeHHOCTb KOTOpbIX B noqse pe3KO B03pacTaeT np11 )lJJl1-
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TeJJbHOM npmnpacrnmm :noro s11na pacTeH11li Ha naHHOli Tepp11rnp1111 [ 44]. 
A 3KCnaHcm1 11HBa3HllHbIX BH}lOB He cnep:)frnBaeTCH H3-3a OTCYTCTBHH HJIH 

OCJJa6JieHHH neì1cTBl1H cnep)!(11Ba!OIU11X cjlaKTopoB (B T.JaCTHOCTH, naToreH

HbIX MHKpOOpraHH3MOB), npHBbl'-IHbIX }lilli MeCTHblX BH}lOB. 

B nocnenHHe necHTHJJeTHH Ha6JI10}laeTCH crpeMHTeJJbHOe coKpameH11e 

'-IHCJieHHOCTl1 H }la)!(e Bb!MHpaHHe MHOrHX BH}lOB 3eMHOBO}lHblX. 11 XOTH 

MHOrO'-IHCJieHHbie Ha3eMHbie n03BOHOYHbie B HaWH }lHl1 TaK)!(e nonsep)!(eHbl 

ycKopeHHOMY BbIM11paH1110, '-ITO npHMO 11Jll1 KOCBeHHO CBH3aHHO e aHrpo

noreHHOH neHTeJibHOCTblO, y 3eMHOBO}lHbIX 3Tl1 TeMnhI cymecTBeHHO Bbl

we, T.JeM y MJJeKon11Ta10m11x 11 nT11u. TaK, 113 Tp11nuaT11 e n11wH11M s11nos 

3eMHOBO}lHbIX, BblMl1paH11e KOTOpb!X 6&IJIO OTMeYeHO 3a nocne}lHl1e 500 JieT, 

OKO(JO necHTKa Bb1Mepn11 nocne 1980 r. Onttoli 113 np11Y11H noro ynanKa 

Ha scex KOHTl1HeHTax (KpOMe AHTapKT11}lbl, rne npencTaB11Tem1 naHHOH 

rpynnhI opraHl13MOB He BCYpeT.JalOTCH) j!BJI}leTCH nonyYl1BWaH rno6aJJbHOe 

pacnpocrpaHeH11e 6one3Hh x11rp11n110M11K03 (chytridiomicosis), BhI3hIBae

MaH narnreHHhIM rp116KoM Batrachochytrium dendrobatidis (Bd) . Cyn» no 

HeKOTOpblM naHHblM, pa3Bl1Tl1!0 3TOH 6one3Hl1 cnoco6cTBOBaJIO nOBCeMe

CTHOe pacnpocrpatteH11e acpp11KaHcKoì1 wnopue0oì1 n»rywK11 (Xenopus 
laevis) - «KOHKypeHrn-C». On&1T&1, nposeneHHbie rpynnoì1 ascrpan11ì1-

CKHX 11CCJie}lOBaTeJieì1, noKa3aJil1, '-ITO CMepTb 3apa)!(eHHbIX )!(11BOTHblX Ha

czynaeT B pe3yJihTaTe OCTaHOBKl1 cepnua, Bbl3BaHHOH HapyweH11eM TpaHC

noprn 110Hos Na 11 K qepe3 KO)!(Hbie noKpoB&I. OnHaKo HeK0Top&1e 3eMHO

BOJlHbie OKa3aJil1Cb ycTOH'-111Bbl K Xl1TPl1Jll10Ml1K03y, nOCKOJibKY y Hl1X Ha 

KO)!(e 11Me!OTCH Cl1M6HOTl1'-leCKl1e 6aKTep1111, Bbipa6aTb1Ba10m11e semeCTBO, 

nonaBJIHIOIUee poCT narnrettttoro rp116Ka [45] . B Kpos11 aMcjJ11611ì1 KOHUeH

Tpau11» 110HOB HaTp11H 11 KaJil1H HaMHOro Bb!We, T.JeM BO BHewHeH cpene. 

0CHOBHOH MexaHH3M, n03BOllil!OlUl1H nOJl}lep)!(HBaTb OCMOTl1YeCKOe nas

JieH11e Kp0Bl1 Ha }l0Jl)!(H0M yposHe, COCT011T B TpaHcnopTe 110HOB qepe3 

3n11nepMl1C (ttap~HblH CJIOH K0)!(11), B T.JaCTHOCTl1 3a CT.JeT pa60Tbl HaTp11e

BbIX KaHanos 11 HaTp11ì1-Kan11esoì1 AT<l>-a3&1. HapyweH11e 110HHOro Tpattc

nopTa np11son11T K CHl1)!(eHHIO KOHUeHTpau1111 110HOB Na 11 K s KpOBl1, npH

T.JeM CTeneHh CHl1)!(eHl1H KOppen11pyeT CO CTeneHblO pa3BHTl1H HHcjleKU11H 

(KOJIHT.JeCTBOM naToreHa B KO)!(e 3apa)!(eHHbIX )!(HBOTHblX). l1ccnenosaHl1}1 

npyroì1 rpynnhI yqeHbIX noKa3aJil1, '-ITO ycTOH'-111BOCTb K Xl1TPl1Jll10Ml1K03y 

MO)!(eT 6h!Tb CBH3aHa e np11cyrcTBl1eM Ha KO)!(e aMcjJ11611ì1 CHM6110Tl1YeCKOH 

6aKTep1111 Janthinobacterium lividum, Bb1pa6aTh1Ba10meì1 n11rMeHT s11ona

ue11H, KOTOpblH OCTaHaBJil1BaeT pOCT Bd Ha nHTaTeJibHbIX cpenax 11 MO)!(eT 

npenHTCTBOBaT& pa3Bl1Tl1IO x11Tp11n110M11Ko3a [ 46]. 

2. 6&1cTpb1li 3axsaT Tepp11Top1111 3a cT.JeT 3cpcpeKTl1BHoro 11cnoJib30BaH11H 

11Me10m11xc» pecypcos. TaK, 6opmes11K MaHTerauu11 (Heracleum mante
gazzianum), 11cxonHo npo113pacrnsw11ì1 Ha KasKa3e, w11p0Ko pacnpocTpa

H11JICH B 3ananHoì1 Espone 11 AMepHKe, a B cpenHeì1 nonoce Pocc1111 CTOJih 

)!(e HHTeHCHBHO pacceJJHeTc» 6opmes11K CocHOBCKoro (Heracleum sos-



5.2. 3BOillOl.IH5! opraHH3MOB H coo6t11eCTB 401 

nowskyi) - TOEe «KOHKypeHT-C». B cepe.n1rne 80-x rr. Ha LIH111Ue aMep11-

KaHcKoro HecjneHan11BHoro cy.nHa 113 Kap116cKoro B YepHoe Mope 6hrna 

3ase3eHa Me.ny3a Mnemiopsis leyidi, aKT11BHO n11Ta10tuaJICJ1 rrnaHKTOHOM, 

11, CJie,LIOBaTeJibHO, rpo3a qepHOMOpCKl1X pb16HhIX 6oraTCTB, a He,LlaBHO )TOT 

s11.n npoH11K B aKsaTop1110 Cpe.n113eMHoro MOpll . A nopThI 03epa 811KTop1111 

3anoJIOHIIJI 80,LIHbltt r11au11HT, 3aBe3eHHhltt erue B 30-e rr. xx B. 11 I10Kpb!B

llll1H orpOMHYIO Tepp11Top1110 03epa rnep,Llb!Ml1, KaK CTaJibHOH rpoc, CTe6-

JUIMl1, nepenyTaHHhIMl1 MeE.ny co6oì1 Hano.no611e ceTK11. B pe3yJihTaTe, He 

nonyqaJI LIOCTaTO'lHOro KOJil1'leCT80 KIICJIOpo.na B BO,Lle, 3a,LlbJXaeTCJI II 

rlI6HeT pb16a. 3Tl1 np11Mepbl 'leTKO IIJIJIIOCrp11py10T 3aKOH 3KOJl02U'lecKoii 
KOppe.nR4uu: 8Ce BXOLIJIJUl1e 8 3KOCIICTeMy 811,Llbl ,LIOJI)!(Hbl cj>yHKUIIOHaJibHO 

COOTBeTCTB08aTb .npyr .npyry. 

3. 1'iHBa311HHbJe pacTeHl1ll OTJil1'laeT erue O,LIHa oco6eHHOCTb - 6hICTpbltt 

pocT 6110Maccb1. IIpe.nnonaraeTcJI, 'ITO cTe6n11 11 Jil1CThll 6b1crpo pacryru11x 

BCeJieHues 6onee MllrK11e, HeEHhie II xapaKTep113ylOTCJI HeCKOJibKO MeHb

llll1M co.nepEaHIIeM ueJIJIIOJI03bl (KJieTO'lHbie CTeHKl1 y HIIX 6onee TOHK11e) . 

OpraHII'lecKoe seruecT00 TaKIIX pacTeH11ì1 nocne 11x OTM11paH1IJ1 6hrcrpee 

pa3naraeTcJI rp116aM11 11 6aKTep11JIMII. CooTBeTcTBeHHO, 6hICTpee 11.nyr 

npoueCCbl Hl1Tpmp11Kau1111 - npespameHl1ll aMMOHIIHHOro a30Ta B H11Tp11-

Tbl 11 H11TpaTbl, T. e. B cpopMy, np11roL1HYIO ,LIJIJI HOBOro norpe6JieHII5! pacTe

Hl15!Ml1 . K np11Mepy, 3aBe3eHHbitt B KaHa.ny 113 Esponh1 KJieH nnaTaHOBl1Ll

Hbltt Acer platanoides ycKopJieT npoueccbr M11Hepan113au1I11 (pa3JIOEeH115! 

opraH11qecKoro semecTBa B noqse) II H11Tp1Icj>11Kau1111, no cpasHeH1110 e 

a6op1IreHHbIM 011.noM - KJieHOM caxapHbIM Acer saccharum. «Ilp11rnenh

Ub1» Ha HOBbIX MeCTaX 0611TaHl15! BKJla,LlbIBalOT 60Jibille co6cTBeHHblX pe

cypCOB Henocpe.ncrneHHO 8 pocT, HO np01ICXOLl11T 3TO 3a C'leT COKpameHl15! 

3arpaT Ha cj>opM1IposaH11e 3aJUIITHhIX CTPYKTYP· TaKIIM o6pa30M, MbI Ha-

6n10.naeM KJ1acrnqecK11ì1 np11Mep «Tpeì1.n-ocj>a» (trade-off) - orp11uaTeJib

HOì1 KOppeJI5!1(111I MeELIY pa3Bl1Tl1eM pa3Hb!X np113HaKOB, np011CXOLIJllU11M 3a 

C'leT nepepacnpe.neneH115! pecypcos opraHl13Ma Ha pa3Hbre HYELlbI. 

CymecrneHHO, 'ITO 3cj>cj>eKT110Hoe 11cnoJib30BaH11e pecypco0 (Hanp11Mep, 

pecypcoB, Hel1CilOJib3yeMblX «a6op1IreHaM1I») 11 OCB060E,L1eH11e OT KOHKypeH

TOB, X11JUHl1KOB 11 napa311TOB Moryr yc1rn11BaTb .npyr .npyra, HO B03M0)!(Hbl 11 

IIHbie 83al1MO,LlettCT81Ill - co.neì1CTBl1e, cocyruecTBOBaH11e 11 c.nepE1IBatt11e. 

CoiJeiicmeue. f1051s11sw11ec51 B HOBOtt 3KOCl1CTeMe n110HepHb1e Bl1Llhl 06ner

qa10T .npyr11M s11.naM nocne.ny10mee 3aceneH1Ie. Hanp11Mep, nocne 0TcrynneH115! 

Jie,LIHl1Ka nepBblMl1 Jl0l!BJI5!IOTCJI Jll1lllattHl1Kl1 11 HeKOTOpbie pacTeHl15! e nosepXHO

CTHblM11 KOpH5!Ml1, T. e. 811,Llbl, cnoco6Hble Bbl)!(IITb Ha 6ecnJIO,LIHOH, 6e,LIHOH IllITa

TeJibHblMl1 semeCTBaMII noqse. Ilo Mepe OTM11paHl15! 3TIIX pacTeHl1H np01ICXO,L111T 

HapacTatt11e CJI05! nO'lBbl, 'ITO .naeT B03MO)!(HOCTb yKopeHl1TbC5! .npyr11M 811,LlaM. 

CiJepxueaHue. 1'IHor.na n110HepHbre 811.Llhl co3.na10T ycnos115!, ycnOEH5!10-

ru11e 11n11 soo6rue .nena10m11e HeB03MOEHbIM no51sneH11e BIILIOB. Ilp11Mep aK-
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TttBHoro c.uep:)!ornaHttll - rrollBJJeHtte ropqaKa, a:maTcKoro pacTeHm1, pacrrpo

crpaHttBIIJerocl! Ha aMep11KaHCKOM 3arra.ue: ropqaK crroco6crsyeT 1arueJJaq11sa

HttJO rroqBbI, qTQ .ueJJaeT ee HerrpHrO.[(HOll .[(Jlll MHOrHX BH.UOB .UHKHX rpas. 

CocyUJecmeoewme. HaKoHeu, rrnoHepHhie BH.UhI MOryT soo6rue He OKa3hI

saTh Ha ITOCJle.UyJOIU11e pacTemrn HH ITOJle3HOro, HH spe.uHoro 803.[(eHCTBHll. B qa

CTHOCTl1, 3TO rrpOHCX0.[(11T npn .umpcpepeHUHpOBaHHH pecypcoB Me)l(.[(y BJI.[(aMH, 

3acem1IOIUHMH o6ruym TeppHTopmo. IlpH OTCYTCTBl111 TaKOll pecypCHOH .umpcpe

peHimau11n o.u11H 113 sn.uos o6peqeH Ha BhIMHpaHne. TaK11M )!(e o6pmoM pa6oTaeT 

11 opraHJ13M: rrpn .UOCTaTOqHOCTH co6crneHHh!X pecypcos cj:JopM11pyJOTCll 11 3a

ll\HTHhie cj:JyHKUHH, H pocT. A B CJJY4ae KOHKypeH1(1111 opraHH3M sce CHJ!bl 6pocaer 

Ha pocr/q11cJJeHHOCTh (3aKOH paeH03Ha•mocmu ecex ycJ1oeuu :>1CU3HU: ace ycJ10BHll 

cpe.Ubl, Heo6XO.U11MbJe .[(Jlll rro.u.uep)!(aHHll )!(H3HH, nrpaIOT paBHyJO pOilb). 

Pecypcb1 u 3HepzuR. OnTnMaJJhHall crparernll noTpe6JJeHHll pecypcos 1a

KJJJ0qaercll B MaKCHMaJJbHOM yseJJ11qeHHH o6ruero noTpe6JJeHHll 3Heprn11, 

BKJJJ0qa51 speMll, 3aTpaqeHHOe Ha rrepexo.u K Hosoìf pecypcHoìf 6a1e, n speMll, s 

reqeHne Koroporo nonyJJll1(11ll ocTaeTCll B onpe.ue11eHHOM apeaJ1e. Ha 3TOM yr
sep)!(.[(eH1111 OCHOBaHa meopeMa o MapzuHa!lbHblX 3Ha'leHU5lX, corJJaCHO KOTO

poì1 rrorryJlllUHll 6y.ueT .uo6brnaTh nponHTaHHe Ha OCBOeHHOll Tepp11TOpHH .uo 

Tex rrop, ITOKa CKOpOCTb ITOTpe611eHHll 3Hepr1111 He .[(OCTl1rHeT MaKCl1MyMa, KO

TOphlll MO)!(eT .uaTb pecypcHall 6ma, - 3TO MO)!(HO onpe.ueJJHTh KaK noporosoe 

3HaqeHHe ITOTpe6JJlleMOH 3HeprnH. To eCTb OITTHMaJlhHblH MOMeHT .[(Jlll M11rpa

u1111 HacrynaeT TOr.[(a, KOr.[(a MaprHHaJTbHOe (npe.ueJTbHOe) 3Haqem1e CKOpOCTl1 

noJJyqeHHll 3Hepr11n .uocT11raer cpe.uHerr cKopocTn norpe611eHHll. Herpy.uHo 

3aMeTl1Tb, qro .uaHHbltt rpacj:JHK cxo.ueH e racpnKOM JTOfHCTHqecKOH Kp11BOH .[(Jlll 

6oJJbIIJl1X 3HaqeHHH qncJleHHOCTH rrorryJTlll(HH/s11.ua, qTo o6bllCHlleTCll 3aBHCH

MOCTb!O qncJJeHHOCTH norryJJllU1111 H ITOTpe6J1l1eMOH 3HeprHH OT rroporosoro 

3Ha4eHl1ll KOpMosorr 6a3br. H qeM 6JTH)!(e HaXO.UllTCll HOBhie 6oraThie pecypcb1, 

TeM sepOllTHee «KOpMOBall MHrpaunm>. TaKHM o6pa30M, e I103Hl(HH OITTHMaJTb

Horo 3HepronoTpe6J1eHHll, MHrpaUHll l(eJTecoo6pa3Ha. C I103HUHH TeOpHH MHK

p03BOJ1IOUHH, .uaHHal! TeopeMa rosopnT HaM cJJe.UyJOruee: ocyruecrs11eH11e orr

TttMaJTbHOtt crpaTernn 3Hepronorpe6JJeHHll rroBbIIIJaeT sepollTHOCTh nepe.uaqn 

«yJJyqIIJeHHbIX» reHOB CJJe.UyJOIUeMy ITOKOJleHHIO. 

IlpH OTCYTCTBHH MHrpaunn H3MeHeHHe lJHCJleHHOCTH nonyJJllU11H 3aBHCHT 

OT COOTHOIIJeHHll BeJIH4l1Hbl po)!(.uaeMOCTH H CMepTHOCTtt. AMITJTHTy.ua H nep11-

o.u 3Tl1X KOJJe6aHHH 3aBHCllT OT CTerreH11 H3MeH411BOCTH OKpy)!(aJOruerr cpe.Ubl, a 

TaK)!(e OT 6HOJ10fH4eCKHX oco6eHHOCTett KOHKpeTHOro BH.[(a. Erue B 20-e rr. 
XX B. pyccKHtt 3HTOMOJJor I>. II. Ysapon onpe.ueJIHJJ cyruecrnosaHne .UBYX 

pa3HhlX cj:JopM O.UHOro BH.[(a capaHqH - 0.[(HH04HOH H CTa.[(HOH, a TaK)!(e rrpe

sparueHtte O.UHH04HOtt cj:JopMhI B crn.uHyJO. YsapoB 1aMeTHJ1, 4TO H3 llHU, OTJJO

)!(eHHhIX capaHqorr locusta migratoria, cTaJJH pa3BHBaThCll oco6n, BHeIIJHe rro

XO)!(tte Ha npe.ucrnBHTeJ1ett .upyroro BH.Ua - Locusta danica . 3Tn pa111ttqaJO

ru11ecll rro BHeIIJHeMy 06Jll1Ky pa3HhJe cj:JopMbl O.UHOro BH.Ua 6bJJ1H Ha3BaHhl HM 

«<Pa1aMH» [47]. B nepno.uh1 Me)!(.uy BCIThIIIJKaMn 'IHCJJeHHOCTH Mnrp11py10ru11e 
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Bl1,Ubl capaH'lOBbIX cymeCTBYJOT B He6011bllll1X K011J1lleCTBax Ha BeCbMa orpa

Hl1'leHHOH Tepp11Top1111 11 TOlibKO B O,Ul1HO'lHbIX <jJopMaX. A noc11e ,U1111Te11hHOH 

3acyx11 BOCCTaHaB1111BaeTCJI paCTl1Te11bHOCTb 6oraTaJI a30TOM 11, c11e,UOBaTe11b

HO, pacTeT filIOTHOCTb nonylIRI..(1111, KOTOpaJI CTl1My1111pyeT nepexon Bl1,Ua K 

CTa,UHOH <jJopMe. Tio cpaBHeHl1!0 C O,UHHO'IHOH <jJopMOH, OC06H CTa,UHOH <jJopMbl 

OTlIH'laJOTCJI 6011ee llpKOtt OKpaCKOtt 11 11Hb!MH nponopUHJIMH Te11a, 6011ee HH

TeHCHBHblM o6MeHOM semeCTB, O'leHb BbICOKOtt ,UBHraTelibHOH aKTHBHOCTblO J1 

CTPeM11eHHeM o6pa30BbIBaTb CKon11eH11J1. Ho npH 3TOM n110.uosHTOCTh «CTa,U

HhIX» oco6eì1 MeHbllle 0110,UOBHTOCTH «OJlHHO'lHbIX»: J13 6011ee KpynHhIX JIHI.( 

pa3BHBalOTCJI Hl1M<jJhI e 6011ee Bb!COKOtt BbDKHBaeMOCTblO. TipH JlOCTmKeHHl1 no

porosoro 3Ha'leHl1JI filIOTHOCTH CTaJI capaH'rn Ha"111HaeT M11rpal.(HIO, 11 0611aCTb 11X 

pacnpOCTPaHeHl1JI MO)!(eT yse11H"!l1BaTbCJI B COTHl1 11 ,Ua)!(e TblCJl'll1 pa3. He.uaBHO 

Hcc11enosaTe11J1M yJlaJIOCh noKa3aTh, 'ITO B npouecce <jJ11311011orH'leCKHX 113MeHe

Hl1tt Ba)!(HYJO p011b 11rpaeT HHTeHCHBHOe BbI}le11eH11e B ueHTPalihHOH HepBHOH 

c11cTeMe capaH'l11 cepoTOHHHa - Heì1poMe,UHaTopa, non.uep)!(11Ba10mero onpene-

11eHHh1i1 <jJH3J10110fl1'leCKl1tt CTaryc HaCeKOMOro. TipH'leM no Mepe HapacTaHHJI 

CTeneHH «CTaJlHOCTH» yBe1111'lHBa110Cb 11 K01111"!eCTBO BbI,Uem1eMoro cepOTOHl1-

Ha [48]. 3ToT np11Mep JICHO nOKa3bIBaeT 3aBHCl1MOCTb MHrpal.(11H, T. e. paClIIHpe

Hl1JI apea11a, OT "111C11eHHOCTH J1 fi110THOCTl1 nony11J11.(l1J1. 

TionyJUil.(HJI MO)!(eT np1106peCTH HOBbltt np113HaK 11H6o B pe3y11bTaTe MYTa-

1.(1111, B03Hl1Kllleì1 y 0,UHOfO 113 «CBOl1X», 111160 B pe3y11bTaTe KOHTaKTa e (('l~HM» 

Hoc11Te11eM MYTaUHOHHOro an11e11J1. C11eJlOBaTe11bHO, npocTpaHCTBeHHOe pacce-

11eH11e BhI3bIBaeT nepeMemeH11e He TOlibKO oco6eì1, HO H 11x reHeT11"!ecKoro Ma

Tep11a11a - .UH<jJ<jJy31110 reHoB. B O.UHHX CJiyqaJ1x 3TOT n11cpcpy3HOHHhitt npouecc 

MO)!(eT np11BeCTl1 K 113MeHeHl1JIM qacTOT reHOB B nony11J11.(Hl1-peu11n11eHTe (reHe

Tl1'leCKH 3cpcpeKTl1BHbltt ITOTOK reHOB), a B .upyrnx c11yqaJ1x TaKl1X 113MeHeHHH He 

npOHCXO,Ul1T - 1130reHHblH fiOTOK reHOB [ 49]. KaK OKa3alIOCb, B OTCYTCTBl1e 

3KCTpeMa11hHblX o6CTOJITe11hCTB, 6611blllaJI qaCTb oco6eì1 OCTaeTCJI B611113H CBOHX 

apea110B, 11 1111lllh He3Ha'l11TelibHaJ1 qacTb paccem1eTCJ1 Ha YMepeHHhie paccTOJl

HHJI. B 3TOM c11yqae y cso6onHo CKpem11sa10ll1HXCJ1 opraHH3MOB 11HTep6p11,UHHr 

( CKpell1HBaH11e BHYTPl1 s11.ua) rrp11son11T K 3Ha'l11TelibHOMY Ko11114ecTBy 611113KO

poncTBeHHhIX CKpem1rnaH11ì1 B Pll.UY ITOKOlieHHH - 11H6p11,UHHry. Tio3TOMY rro

TOK reHOB 3<jJcpeKT11BeH B c11yqae M11rpaUHH Me)!(,Uy rrorry11J11.(l1JIMH J11111 cy6rro

nyJUIU11JIMl1, pa31111qa10llll1Ml1CJI no qacTOTe a1111e11eì1. QqeBl1,UHO, 'ITO rrpH ITO,U

Bl1)!(H0M o6pa3e )!(113Hl1 nony11J1Ul1H y M11rp11posasllleì1 oco611 B Ka)!(,UOM 

rroc11enyt0ru.eM ITOK011eHl111 ,UOlIJI M11rpaHTOB 6y.ueT paCTl1, a apean pacll111pJ1TbCJI. 

Harrp11Mep, rrorry11J11.(l1J1 Drosophila pseudoobscura 3a I 000 lieT MO)!(eT pacce-

1111TbCJ1 Ha 1200-2500 KM . )J,11J1 rrorryJU1u11i1/ Bl1JlOB opraHH3MOB e HeITOJlBl1)!(HblM 

o6pa30M )!(J13Hl1 111111 11301111pOBaHHh!X reHeT11'leCKl1 3cpcpeKTl1BHaJI .u11cpcpy311J1 

reHOB BO BpeMeHl1 Ml1Hl1Ma11bHa, ITOCKOlibKY B 3TOM c11yqae OHa orrpeJleJIJleTCJI 

TOlibKO c11yqai1Hh!Ml1 MHrpal.(11JIMl1. B 3aB11Cl1MOCTl1 OT T11rra 11 'lHClieHHOCTH 

paccMaTPl1BaeMoì1 rpyrrrrbI, pa31111"!alOT BpeMeHHhie 11HTepBa11bl ee ,UHHaMHKH 

(OT )!(113Hl1 O,UHOro rroK011eH11J1 no reo11ornqecK11x MaClIITa6os). [25] MbI )!(e or

paH11'lHMCJ1 KpaTKl1M paCCMOTPeH11eM 611011or11'leCKl1X p11TMOB. 
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EuoJ102ul./ecKue pumMbl - nepHO.UHlJeCKH nosTopmomHec51 H3MeHemrn B 

xo.ue 6HOJIOrHlJeCKHX npoueccoB B opraHH3Me HJIH 51BJieHHH npHpO.Ubl. Ilo CB51-

3H e ecTeCTBeHHblMH pHTMaMH OKpy)f(aIOmeH. cpe.Uhl 6wopHTMbl no.upa1.ue115!

!0TC5! Ha cj:m1Ho11orw1ecKHe (6HeHHe cep.uua, apTepwaJibHOe .uas11eHHe H .upyrHe 

pHTMhI, ne cosna.uaIOmHe e pHTMaMH OKpy)f(aIOmeH. cpe.UhI, - co6cTBeHHb1e 

KOJie6aHH51) H 3KOJIOrHlJeCKHe ( CYTOlJHbie, ce30HHbie, npHJIHBHbie H JIYHHbie 

pHTMhI, COBna.uaiomHe no .UJIHTeJibHOCTH e KaKHM-JIH60 ecTeCTBeHHbIM pHT

MOM - BbIH~.UeHHbie KOJie6aHH51) . Ilo npHlJHHe B03HHKHOBeHH51 - Ha 3H.UO

reHHbie H 3K3oreHHbie. Ilo .UJIHTeJibHOCTH - Ha UHpKa,UHaHHbie (OKOJIO cyTOK), 

wmppa.uwaHHhie (6011ee cyToK) H yJihTpa.uwaHHhie (MeHee CYTOK). 

Bo MHon1x c11yqa51x 3K3oreHHbie pHTMhI cnoco6cTBY!OT cpopMwposaHH!O 

3H.UOreHHhJX. B cpH3HlJeCKOH TepMHHOJIOrHH - npoHCXO.UHT «3aT51rHBaHHe» 

co6CTBeHHbIX KOJie6aHHH c11a6bIMH H 6JIH3KHMH no lJaCTOTe BHelllHHMH .UJI51 

CHCTeMbl KOJie6aHH51MH. HaH6011ee Ba)f(Hbl .UJI51 opraHH3MOB 3H.UOreHHbie UHp

Ka,UHaHHble pHTMbl (3TO nOHHTHe BBeJI B 1959 r. XaJI6epr). U:11pKa.u11aHHbJe 

pHTMhJ o6Hapy)f(eHbJ y scex npe.ucrns11Te11eH. )f(HBOTHOro uapcrna H Ha scex 

ypoBH51X opraHH3aUHH (HanpHMep, y lJeJIOBeKa Bb151BJieHO OKOJIO 500 cpyHKUHH 

H npoueccos, HMeJOIIIHX UHpKa,UHaHHYJO pHTMHKy) . ,[{a)f(e y UHaHo6aKTepHtt 

.UOKa3aHO cymeCTBOBaHHe UHpKa.UHblX pHTMOB, npHlJeM npO.UOJI)f(HTeJibHOCTb 

CYTOlJHOro UHKJia MO)f(eT npeBbJlllaTb npO.UOJI)f(HTeJihHOCTb MX )f(H3HeHHOro 

UHKJia. B cyIIIHOCTH, s 3TOM pHTMe pa6ornJOT sce 3H.UOKpHHHhJe H reMaTono

rHlJeCKHe nOKa3aTeJIH, nOKa3aTeJIH HepBHOH, MbilllelJHOH, cep.uelJHO-COCY.UHCTOH, 

.UbIXaTeJibHOH H ITHIIIeBapHTeJibHOH CHCTeM, a TaK)f(e lJYBCTBHTeJihHOCTb opra

HH3Ma K pa3H006pa3Hb!M cpaKTOpaM BHernHeH cpe.Ubl. 

BHYTpeHHHH MexaHH3M, no.u.uep)f(HBaJOll\HH 3H.UoreHHhIH pHTM, T. e. no-

3BOJI51!0IIIHH opraHH3MY opHeHTHpOBaTbC51 BO BpeMeHH, Ha3hJBaeTC51 6UO!l02U-

1-teCKUMU 'laCGMU: XHMHlJeCKHe peaKUHH B Ka)f(,UOH KJieTKe opraHH3Ma «ITO.U

CTpaHBa!OTC51» .upyr no.u .upyra, H B pe3yJihTaTe nyJihCHpyJOT 0.UHOBpeMeHHO. 

B 3TOM COCTOHT np051BJieHHe 6110JIOrHlJeCKOH KOrepeHTHOCTH. fJiaBHbIH .UOBO.U 

B nOJib3Y 3H.UOreHHOCTH UHpKa,UHblX pHTMOB COCTOHT B c11e.uyiomeM: UHpKa.u

Hbie, co6CTBeHHbie, 3H.UOreHHbie lJaCbl ITO.UCTpaHBa!OTCH BHelllHHMH nepHO.UH

lJeCKHMH rrpoueccaMH rro.u 24-lJaCOBOH nepHO.U 3eMHblX cyTOK, HO HX MO)f(HO 

«OTPery11wposaTh» H no.a .upyrwe nepHO.UhI ( C)f(aTb .uo 16 H pacrnHyTh .uo 

48 'laCOB), a B ITOCTOHHHblX ycJIOBHHX nepwo.u BHYTPHKJieTOlJHbIX lJaCOB lJaCTO 

KOJie6JieTC51 B HHTepsaJie OT 22 .uo 28 'laCOB [50]. 
Mo)f(HO OTMeTHTh c11e.uy10mwe 3aKOHOMepHocmu 6uoJ102u'leCKUX 'lacoe, 

npwcym11e BCeMy )f(HBOMY [50] : 

• B MHOrOKJieTOlJHbIX opraHH3Max «lJaChI» Bcex KJieTOK cornacoBaHbl H o6-

pa3y!OT HepapXHlJeCKYJO CHCTeMy: «lJaCbI» KJieTOK - «'laChI» opraHOB -

«'laChl>> ueHTpaJibHOH HepBHOH CHCTeMbl (npH ee HaJIHlJHH); 

• 6HOJIOrH'leCKHe 'laCbl, B OTJIHlJHe OT COJIHe'lHbIX H JIYHHbIX, 3H,UOreHHbl H 

aKTHBHhI, T. e . BHYTPH Ka)f(.uoil KJieTKH HMeeTC51 csoH. «Ma51THHK», «KOJie-

6aTeJihHhIH KOHTYP» H nepHO.UH'leCKHH npouecc; 
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• xo.n 6HOJ10fHlJeCKHX lJaCOB MO)l(HO no.ncTpattBaTb B COOTBeTCTBHH e ne

pHO,llHlJeCKHMH npoueccaMH OKpy)l(a10mei1 cpe,nhI , npe)l(.ne scero, cyTOlJ

HhIM BpameHHeM 3eMnH; 

• OTPa6oTaHHhie B xo.ne oT6opa oco6eHHOCTH 6ttonorHIJecKHX IJacos nepe

.naioTc.H no Hacne,nCTBy, nocKOJlhKY B KJleTKax eCTb «lJaCOBbie» reHbl, KO

TOpbie, KaK H nio6h1e .npyrtte reHhI, no.nsep)l(eHhI MyTaUH.HM H, cne.nosa

TenhHO, ecTeCTBeHHOMY OT6opy. 

5.2.1.6. lbomnuu1 

rno6anH3aUH.H H H30ll»UH.H Ha HOOCcpepHOM CTa.llHH 3BOJIIOUHH 6ttoccpephl -

.nsa ,UHaMeTPaJJbHO npOTHBOTIOJIO)l(HblX H 0,llHOBpeMeHHO cuenneHHblX ee HanpaB

JieHHR. YIJHThIBa.H 4pe3BbilJaMHyIO pacnpOCTPaHeHHOCTb (s pe1ynhTaTe, B OCHOB

HOM, aHTPOTIOfeHHOM .ne.HTeJihHOCTH) H30JIHposaHHhIX 3KOCHCTeM H cneuttcpHlJ

HOCTb H30l1HPY!OlllHX MeXaHH3MOB, Mb! BbI,Uen»eM 1130AAUHIO B caMOCTO.HTeJlbHblM 

rnn cpopM11posaH11.H CTPYKTYPHO-cpyttKUHOHaJJhHOM c11cTeMbI nonymu11i1. 

0IJeBl1,llHO, lJTO B 1130JIHpoBaHHblX 3KOCHCTeMax oco611 e 60JihllleM Bepo

.HTHOCTb!O CKpem11sa10TC.H BHYTPl1 nonyn»u1111, IJeM e oco6.HMH .npyr11x nony

JJ.HUHM. 06MeH reHaMH Me)l(.ny nonynm.(H.HMH ocna6n.HeTc.H 11n11 .na)l(e npe.noT

spamaeTC.H pa3Horo po.na nperpa.naM11, 111secTHhIM11 no.n 06m11M Ha3BaHtteM 

111on11py10m11x MexaHH3MOB [49]. B Hacrn»mee speM.H tte cymecrnyeT 06me

np11H»Toi1 KJiacc11cp11Kau1111 H30l111PYIO!lll1X MexaHH3MOB. 0,nHH nonara!OT, lJTO 

reorpacpwiecKa.H 1130J1.HUH.H - e.n11HCTBeHHblM H30l111PYIO!llHM cpaKTop, .npyrtte, 

lJTO OHa He BXO,lll1T B lJl1CJ10 H30Jil1PY!Ollll1X MexaHl13MOB, TpeTbl1 BKJl!OlJalOT 

3KOJIOfHlJeCKYIO H30J1.HU11!0 B 6HOJIOfl1lJeCKYIO, lJeTsepTbJe ClJHTa!OT B03M0)1(

HblM fOBOpHTb TOJlhKO 06 H30JI.HUHH Ha yposHe OHTOfeHe3a, a Il.HTbie CTaB.HT 

3HaK paseHCTBa Me)l(.ny npocTpaHCTBeHHOM 11 3KOJior11IJeCKOM 111on»u11»MH. MhI 

npe.ncTaBHM KJJacc11cp11KaUl110 Tl1TIOB 1130J1.HUHl1 11 1130l111PYIOlllHX MexaHl13MOB, 

OnHpa.HCb Ha KJJacc11cp11KaUl1!0 <I>. r. )1,o6ìKaHCKOro 11 B. rpauTa, cornacHo KO

TOpoH: cymecTsyeT Tp11 OCHOBHblX T11na 1130l1HPYIO!lll1X MexaHl13MOB - npo

CTpaHCTBeHHhie, 3KOJ10fl1lJeCKl1e H penpo.nyKTl1BHble. '.~ha KJiacc11cp11KaUl1.H 

y.nosnetsopttTeJihHO Koppen11pyeT e w11p0Ko np11H.HThIM .neneH11eM nonyn»u11-

0HHhIX Cl1CTeM Ha JlOKaJlbHbie (COBOKynHOCTb oco6ei1 O,llHOfO s11.na, xapaKTepH-

3yeMhlX 06!llHOCTb!O reHeT11lJeCKOM 11HcpOpMau1111 11 ue60JibWOM 0,llHOpO,nHOM 

Tepp11Top11ei1), 3KOJ10rHlJeCKl1e ( COBOKynHOCTb 3JieMeHTapHblX nonyJI.HU11M BHyT

p11 o.nttoro s11.na, 06be,n11HeHHh1x o6mHM 611ouetto10M) 11 reorpacp11IJecK11e (co

soKynHoCTh nonyJI.HU11M Ha reorpacpHIJeCKl1 CXO,llHbIX Tepp11TOp11.HX, apeaJJbl KO

TOpblX OTHOCHTeJibHO 1130JI11pOBaHbl 11 o6MeH reHaMH e .npyr11M11 nonyn.HUH.H

MH, BXO,ll.H!llHMl1 B .naHHblM Tl1n, npo11cxo.n11T pe.nKO ). 

I. flpocmpm1cmeeHHaR (2eo2paijJu'leCKaR) U30JIRtfUR - 06oco6nett11e on

pe.neneHHOM nonyn»UHH OT .npyr11x nonyn»utti1 Toro )!(e s11.na KaK11M-n1160 

TPY.UHonpeo.nonHMhIM reorpacp11qecKHM npen»TCTB11eM. 3TOT T11n 111on»u1111 

HrpaeT 3aMeTHYIO ponh np11 pacceneHl1H 811,llOB/nonyJI.HUHM, B pe1ynhTaTe KO-
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Toporo npo11cxo,!U1T HapyrneH11e noTOKa reHOB Me)!(,l(y 1130JJ11posaHHblM11 qac

DIMl1 rpynnbl opraHl13MOB. IlpocTpaHcTBeHHaH 1130JJHU11H 803Hl1KaeT no ,nsyM 

np11q1-1HaM: B pe3yJJhT3Te 113MeHeHl1H JJaH,nrnacprn ( o6pa30BaH11e nperpa,n B BH,l(e 

peK, ropHh!X xpe6TOB, JJeCHb!X MaCCHBOB, ropo,nos 11 T. Jl.), qTo 3aTpy,nHHeT CB0-

60,nHOe cKperu11satt11e oco6eì1, 11n11 np11 Han11q111-1 6onbrnoro paccTOHHHH Me)!(ny 

nonynHUHHMH 0,l(HOro BH)la (Hanp11Mep, 3aHu-6eJJHK pacnpOCTPaHeH B neCHOH 

30He, a 3aHu-pycaK - B CTenHOH). qaCTO npnqHHOM TaKOM 1130JJHU1111 HBJJHeTCH 

aHTponorettHaH neHTeJJbHOCTb. HanpHMep, s Haqane XX B. apean co6onH 6hrn 

cnnornHhIM H 1aH11Man 3HaqnTeJJbHYIO 'faCTb Espa3HH, HO y)!(e B 20- 30-x rr., 

B CBH3H e 11HTeHCl1BHbIM npOMb!CJJOM, ero apean npno6pen M03a11qHy10 CTpyK

Typy, H 3HaqnTeJJhHbie paCCTOHHHH CTaJJl1 HenpeO)lOJJHMblM npenHTCTBHeM JlM 

cso6on Horo cKperu11saH11H. 

3Ta cpopMa 1130JJHUH11 MO)!(eT 6bITb a6COJJIOTHOM 11 OTHOCHTeJJhHOM H on

pe,nenHeTCH He TOJlbKO npocTpaHCTBeHHblM paCIJOJJO)!(eHHeM reorpacpnqecKHX 

6apbepos, HO 11 pannycoM HH,l(HBH.UYaJJbHOM aKTl1BHOCTH oco6eì1 B norryJJHUHH. 

Ecnn paccTOHHHe, Ha KOTopoe crroco6HbI rrepeMeruaTbCH oco611 s rrep110.11 pa1-

MHO)!(eHHH, HesenHKO, TO CTerreHb (11JJl1 nasJJeHHe) H30JJHUH11 6yneT 6onhrne. 

HarrpHMep, nonynHUHH Ha3eMHbIX MOJJJJIOCKOB, y.uaneHHbre .upyr oT npyra Ha 

200-400 M, 6y.uyT cyruecTBOBaTb a6COJJIOTHO H30JJHpOBaHHO, TaK KaK HX 11H)lH

BH,l(yaJJbHaH IIOJlBH)!(HOCTb orpaH1-1qeHa. A norrynHUHH necuos Ha KoMaHn op

. CKHX OCTPOBax 11 Ha KaMqaTKe He cnoco6HbI cso6on Ho CKperu11saTbCH, rro-

CKOJJbKY pa3,neJJeHbl He3aMep3a!OIU11M npOJJHBOM, HO MOryT MHrpHposaTh no 

Jlb,l(aM ApKT11Kl1 Ha COTHH Kl1JJOMeTpOB, 11 B pe3yJJbTaTe H30JJHUHH necuos OCT

posa BpaHreJJH OT rrorryJJHUHM necuos qyKOTKH OTHOCHTeJJbHa. I1o3TOMY reo

rpacpnqecKaH 1130JJHUHH OKa3bIBaeT oco6eHHO CHJlhHOe BJ111HHHe Ha MaJJOIIO)l-

811)!(HbJe BH,l(bl. ,[(JJH JlOHHbIX MOpCKl1X opraHH3MOB (6eHTOCa) HenpeO)lOJJHMYlO 

H30JJHUHJO C03,l(aJOT OKeaHnqeCKHe BO.libi 11 60JJbillHe OKeaH11qeCKHe xpe6Tbl, 

.11m1 a6ncaJJbHb!X )!(HBOTHblX - Herny60K11e yqaCTKH MOpH, .UJJH pbI6 H BO.l\Hb!X 

6ecn03BOHOqHb!X - cyrna. IlaHaMCKHÌ1 neperneeK ccpopMHpOBaJJCH 2- 5 MJJH 

neT Ha1an (nocne c6JJH)!(eHHH CesepHoM: H IO)!(HOM: AMepttK} , B pe1ynhrnTe qe

ro npe)!(ne en 11Hb!e rrorryJJHU11H HaqaJJH JlHBeprHpoBaTb, 11 ccpopMHposaJJHCb 

o6oco6neHHhie aTJJaHTHqecKHe H THXOOKeaHCKHe norryJJHUHH 11 BH,l(bl. B Ha

CTOHruee speMH 113 11CCJJe)lOBaHHbIX 1200 Bl1)l08 pb16 TOJlbKO 6 % BCTpeqaJOTCH 

no o6e crnpoHbI neperneì1Ka. A sonopa1nen YpanbcKoro xpe6rn pa1rpaHnqn

saeT apeanbr TPHTOHos: no Ypan bCK11x rop BCTPeqaeTCH esponeì1cKHì1 TpHTOH, 

3a YpaJJOM 0611rneT CH6HpCKl1ll TpHTOH. reorpacpnqecKaH H30JJHU11H BCTpeqa

eTCH H y nTHU, B TOM qncne H rrepeneTHbIX, nocKOJlbKY perrponyKTHBHblll rre

pH0.11 HX )!(H3HH npHXO.l\HTCH Ha 0.!IHH 11 Te )!(e TeppHTOp11H (HanpHMep, aHCThl, 

nacToqKn). EcnH )!(e cTeneHh H30JJHUHH He3HaqnTeJJhHaH, norrynHUHH, npH rrpo

q11x 6narorrpHHTHbIX ycnos11Hx, crroco6HbI co1naTh o6ruyJO reHeT11qecKyro 6a1y: 

yTKl1 onHoro s11na cso6onHo cKperu11saJOTCH 11 1aH11MaJOT apean noqT11 sceM: 

Esponh1. TaKHM o6pa30M, reorpacpnqecKaH 111om1um1 HBJJHeTCH O.l\HHM 111 sa)!(

HhIX cpaKTOpOB 811)l006pa30BaHl1H. 
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Teo2papu'lecKue u3onRmbt - :no nonynllI..U·rn HJIH rpyrrrra norrynm.(11ì1, KO

TOpb1e He 11Me10T cso6o.uHoro o6MeHa reHaMH e .upyr.1-1M11 rronyJillI..JHllMH csoero 

s11.ua 113-3a BHeWHl1X rrperpa.u, a noTOMY llBJlllIOTCll o6hJqHOH QlOpMOH .UJlll OCT

pOBHhlX rronyJilll..]11H . <!>aKT11qecKH KalK.UhIH reorpa<P.1-1qeCKHH H30JlllT - :no 

<<3apoJK.ua10m11ì1cll s11.u». IIocne IIO.UHllTl1ll o. KHJih.UHH 1an11s Mopll OKa3aJICll 

H30JIHpOBaHHhIM OT MOpll 11 CTaJI 03epoM, B KOTOpOM rrpocJieJKHBaeTCll q eTKOe 

ropH30HTaJihHOe pacrrpe.ue11eH11e CJioes - B sepxtteM ropH30HTe (3- 5 M) s o.ua 

no'!TH rrpecHal! , a B Hl1lKHl1X cnollx - MopcKall . B HOBhIX yc11os11l!x scero 1a 

HeCKOJihKO COTeH JieT c<PopM11pOBaJICll Kl1Jlh.U11HCKl1H IIO,UB11.U TpeCKH . 

MolKHO orrpe.uen11Tb cn e.uy10m11e 1aK0HoMepHOCTH <PopM11posatt11ll «OCT

poBHhJX» rrorry11ll1JHH!s11.uos : 

• qacTh 11cxo.uHoì1 rronyJillI..JHH (qame nep11<Pep.1-1qecKall) , 111011.1-1poBaHHall 

reorpa<P11qecK11 , co speMeHeM MOJKeT c<PopMHposaTb Hosy10 rrorryn lll]l1IO 

H .ua)j(e BH.U; 

• BBH.UY o6e.uHeHHOCTH 611opa3HOo6pa311ll, B 1130JIHpOBaHHOH 3KOCl1CTeMe 

OTMeqaeTCll pe3KOe ocna6JieH11e MelKB11.UOBOH KOHKypeHl..]11.H; 

• CKOpOCTh 3 BOJIIOl..]1111 opraHH3MOB B OCTpOBHbIX 3KOCl1CTeMax npeBbJWaeT 

aHaJIOfl1'!HYIO CKOpOCTb B He.H30JIHpoBaHHhlX 3KOCl1CTeMax. 

Eme q _ ,l(aps11H Ha rrp11Mepe ocTpOBHhIX coo6mecTB rananaroccK11x 

Bh!OpKOB IIOKa3aJI pOJib 1130Jllll..]1111 B B03Hl1KHOBeHHH, pacurnpeHHH 11 yrn y6ne 

Hl111 pa3JIH'!HH MelK.UY 6JIH3Kl1MH cpOpMaMl1 lKHBhIX opraHl13MOB. C TeX nop 

y.ua11eHHh!e OCTpOBa cq11TaIOTCll csoeo6pa3Hb!MH «3BOJIIOl..]HOHHbIMH na6opaTO

pHllMH», B KOTOphIX BH.Ubl npeTepneBaIOT oqeHb 6bICTPbie H nopoì1 BeCbMa 

rrp11qy_u11.1-1sb1e 3BOJIIOI..Jl10HHbie 111MeHeH11l!. K rrpHMepy, ra11arraroccKtte Bb!OpKH 

IIOKa He rrpe.uocTaBl1JIH Y'!eHbIM y6e.UHTeJibHblX CBH,UeTeJihCT B Cl1MI1aTp11qeCKO

ro xapaKTepa csoero BH.Uoo6pa1osaHHll: cymeCTsyeT rrpe.urronoJKeHHe, qTo 

pa3Hh!e BH.Uhl 3THX IIT111..] ccpo pMttpOBaJIHCh Ha pa3Hh!X OCTposax. IIo.uo6Hal! 

rHIIOTe3a .uo He.uasHero BpeMeH11 cymeCTBOBaJia H IIO OTHOllleHl1IO K Bb!OpKaM 

e apx11rrenara TpttcTaH-.ua-KyHhll . B rrpe.ue11ax Bh!OpKOB po.ua Nesospiza opHtt 

TOJIOrH _Bhl,UeJillIOT .usa BH.Ua, 06HTalOI..1..JHX B HaCTOllI..1..Jee BpeMl! TOJibKO H a .usyx 

MaJieHbKHX OCTposax - HerrpHCTYIIHOM (Jnaccessible) IIJIOI..1..Ja.Ub!O 14 KB. KM 11 

Haì1THHreì111 (Nightingale) IIJIOI..1..Ja.Uh!O 4 KB. KM . TiepBblH BH.U pattee o6HTaJI 

TaK)!(e 11 Ha rnaBHOM OCTpose apxlme11ara, HO TaM ero HCTpe61111H OKOJIO CTa 

JieT Ha3a,U 3aBe3eHHh!e JIIO.UhMH KphICbl H MbIWH. (KcTaTH, rraneoHTOJIOrH ycTa

HOBHJIH, qTo npaKTHqecK11 Ha scex ocTposax H aTonnax Tttxoro OKeatta .uo 

rrpttxo.ua JIIO.Ueì1 o6HTaJIH pa3Hoo6pa3Hhie 3H.UeMH'!HhJe BH.UhI nTHI..J.) P aHee 

rrpe.urronaranoch, qTo o6a s11.ua ccpopMHposa11.1-1ch a11nonaTpHqecKHM nyTeM, 

T. e. Ha pa3HbIX ocTposax, a 3aTeM pacceJIHJil1Ch, H .1-1x apeaJibI nepeceKJIHCh. 

0.uttaKO reHeTHqecKHH aHaJil13 IIOKa3aJI, qTO OHH pa3BHJIHCb OT o6meì1 npe.UKO

BOH <PopMbl , H Ha KalK,UOM OCTpOBe 3BOJIIOl..]Hll CTaJia pa3BHBaTbCll B COOTBeTCT 

BHH e oco6eHHOCTllMH KOpMOBOH 6a3hl, B pe3yJihTaTe '!ero o6pa3oBaJIHCb .use 

pa3HOBH.UHOCTH: MeJIKOKJIIOBall H 6onhweKJIIOBall. Ha 6onee MeJIKOM o. Haì1-
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nrnreHJl npouecc Cl1MIIaYpl14eCKOro B11.U006pa30BaHIUI rrpO.UB11HYJ1C.SI 3aMeTHO 

.UaJlbWe, l!eM Ha o. Herrp11cTyrrHhIH, r.ue 611opa3Hoo6pa311e 3Ha411TeJlbHO Bh1we 11 

BCYpel!a!OTC.SI IITl1Ubl e KJ110BaM11 rrpoMe)l(YT04Hb!X pa3MepoB. TaK Bb!OpK11 e OCT

pOBOB Tp11CTaH-,Ua-KyHb.SI IIOMOrnl1 yqeHb!M IIO.UTBep.u11Tb B03MO)l(HOCTb rrapM

JleJlbHOro C11MIIaYpl14eCKOro s11.uoo6pa30BaHHll, T. e. o6pa30BaHl1.SI HOBb!X TaKCO

HOB s npe.uenax e.u11Horo apeaJla s11.ua B CJlyqae perrpo.uyKTl1BHOH 1130J1.SIUl111 OT 

e,Ul1HOH npe,UKOBOH cpopMbI, KOTOpa.si KOr.ua-TO 3aCeJ111Jla OCYpOBa (51]. 
)],o He,UaBHero speMeH11 rrpe,UCTaBJleHl1.SI 06 ycKopeHHOH 3BOJ1!01(1111 Ha 

OCYpOBax He l1Men11 CYpOroro HayqHoro o60CHOBaHl1.SI, 0,UHaKO P.Sl.U pa6oT rrpo611n 

3TY 6pewb (52]. Bs11.uy Toro 4TO 113on11posaHHb1e 3Koc11cTeMbI xapaKTep113y10TC.S1 

BH.UOBOH o6e.uHeHHOCTb!O 11 pe3KO ocna6JleHHOH Me)!(B11.UOBOH KOHKypeHu11eii, 

0611Ta!Oll(l1e TaM He6onbWl1e rrorryn.Sll.(1111 )1(1180THb!X 11 pacTeHl1H MOrYT rrpeTep

rresaTb rny60K11e 113MeHeH11.S1 3a secbMa MaJloe no reonor114ecK11M MacwTa6aM 

speM.SI. B HallaJlbHbIH rrep110.u opraH113MhI, oKa3asw11ec.si B reorpacp114ecKOH 

H30Jl.Sll{HH, OlleHb 6bICTpo a.uarrTHpYIOTC.SI K HOBblM ycnOBH.SIM, 4TO rropoii co

rrpOBO)l(,UaeTC.SI pa311TenbHbIM11 113MeHeHl1.SIMl1 pa3Mepos Tena 11 Mopcponor1111, a 

BilOCJ1e,UCTBl111 TeMII 3BOnlOU1111 OCTpOBHb!X opraHl13MOB, KaK rrpas11no, 3aMe.u

n.sieTC.SI (no3TOMY He y.uaJlOCb Bbl.SIBl1Tb pa3nl1'111H B TeMrrax 3BOnl01(1111 Ha spe

MeHHblX 11HTepsanax CBb1we 45 Tb!C. neT) . .E>oJlee Toro, cpparMeHTau11.S1 ecTecT

BeHHblX 3KOCl1CTeM, B TOM '111Cne 11 B pe3ynhTaTe aHTporroreHHOH .ue.S1TeJlbHOCTl1 

(HarrpHMep, arpo- 11 yp603KOCl1CTeMbI) C03,UaeT qepe.uy «OCTpOBHblX» 3KOCl1-

CTeM (Harrp11Mep, pe3KOe ycKopeH11e 3BOJl!OU110HHb!X 113MeHeHl1H pa3MepOB Te

na y 25 s11.uos MneKon11rn10m11x B )J,aH1111 3a rrocne.uH11e 200 JleT). ITonyqeHHbie 

yqeHbIMl1 pe3ynbTaTbl IIOKa3h!Ba!OT, 4TO TeMilbl 3BOJ1!0U1111 MHOr11x 811.UOB KOH

Tl1HeHTaJlbHb!X nonyn.HU11H, OKa3aBWl1XC.SI B 113on11poBaHHblX 3KOCl1CTeMaX, crro

co6Hbl B03pacT11 B Tp11 11 6onee pa3 scero 3a HecKonhKO .uec.siT11neT11ii . To ecTb 

B YCJ10Bl1.SIX pacTymeii aHYpOIIoreHHOH Harpy3Kl1 MHOr11e opraHl13Mbl MOryT 

HallaTb 113MeH.SITbC.SI caMblM He0)1(11,UaHHb!M o6pa30M. 

Cne.uyeT OTMeTl1Th, 4TO no.u «CKopoCTb!O .11J111 TeMIIOM 3son10u1111», B 3a

s11c11MOCT11 OT KOHTeKCTa, MOfYT IIO.Upa3yMeBaTbC.SI .usa cosepweHHO pa3HbIX 

rroKa3aTen.H: CKopoCTb 06pa3osaH11.S1 crreu11an11311posaHHb1X cpopM (pa3Mepb1 Te

na; Kn!OBa, 3y6os 11 T . .u.) 11 CKOpOCTb nporpeCCl1BHblX rrpeo6pa30BaHHH, CB.Sl-

3aHHblX e Bb1pa60TKOH HOBb!X a.uarrTau11ii w11pOKOro rrpocp11n.S1 - CKOpOCTb 

Mopcpocp11311onornqecKoro rrporpecca. Ha He6onbw11x 113on11posaHHblX ocYpo

sax BbIWe rrepsa.H cKopocTb, a Ha 6onhw11x MaTep11Kax, xapaKTep113yeMblX pa3-

Hoo6pa311eM ycnOBl1H 11 cnO)!(HOCTb!O 3KOCl1CTeM - BTO.pa.SI. 

2. 3KoJ102u1JecKaR U30llRlfUR. Ha nepBblH B3rn».u Ka)l(eTc.si, 4TO reorpacp11-

qecKall. 11 3KOJ10fl14eCKa.SI 1130n.SIU1111 - IIOH.SITl1.SI paBHOUeHHble. 0.uHaKo reo

rpacp11Y.IeCKa.S1 1130Jl.S!U11.SI CB.Sl3aHa e 06beKTl1BHb!M pa3pb!BOM e.u11Horo apeana 

0611TaHHll 811,Ua, a 3KOnor11lleCKa.S1 1130JI.SIU11.S! - e cy6beKTl1BHblMl1 rrpecpepeH

U11.S!Ml1 rpyrrn opraHl13MOB KOHKpeTHoro speMeH11 11 MecTa 0611TaH11.S1. CesaHcKa.si 

cpopenh - np11Mep TaKOH 113on.S11(1111. Pa3Hbie nonyn.siu1111 cpopen11 HepecrnTC.SI B 

YCTb.SIX pa3J111'1Hb!X pyqbeB 11 ropHb!X peK, srra.ua10m11x B 03epo, II03TOMY CBO-
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60.zwoe cKpem1-rnam1e Me)!{ny Hl1Ml1 KpaH:He 3aTpynHeHo. 3Ko11orw1ecKa.H 113o

JUIU11.H, TaK11M o6pa30M, nperrnTcTsyeT CKpem11saH11IO oco6eì1: 113 pa3HbIX nony-

1151u11H: 11 c11y)!{HT, TaK )j{e KaK 11 reorpaqiw1ecKa.H 113011.HUH.H, Ha'-lalibHbIM :nanoM 

pacXO)!(JleHH.H nonym1u11H:. Ho 3BOlIIOUHOHHa.H cyTb npocTpaHcTBeHHOH 11 3K0-

11orw1ecKoì1 113011.Hu1111 OJlHHaKoBa - pa3pbIB en11Horo reHoc!iOHJla Bl1Jla Ha JlBa 

111160 60liblllee '-IHClIO H3011HpOBaHHb!X npyr OT npyra reHoc!iOH)lOB, rrpeKpame

Hl1e o6MeHa Me)!{ny HHMH reHeTl14eCKHM MaTep11a110M 11 He3aBHCHMOe npoTe

KaH11e B 11301111posaHHbIX qacrnx s11na 3BOlIJOU110HHoro npouecca. Ero KOHe'-1-

HbIM pe3ylihTaTOM MO)!{eT CTaTb o6pa30BaHHe HOBbIX BH)lOB. 

HcxOJl5! 113 onpene11eHH.H 3KOCHCTeM, 3Ko11or114ecKa.H 1130lI.HU11.H .HB115!eTC.H 

npoMe)!{yTO'-IHOH c!iopMOH 11301151U11H H eCTb Clie)lCTBHe 3KOlIOrtt4eCKOH Jll1c!ic!ie

peHUHau1111 s11nos/nony11.Hu11H:. Cnoco6HOCTb nonym1u11H: cocymecTBOBaTb Ha 

o6meì1: TeppHTOpHH onpe,l.lelI.HeTC.H HaJil14HeM COOTBeTCTBYIOli.\11X 3K011orw1e

CKHX Hl1lll H HHTeHCHBHOCTblO Tpoqi11'-1eCKl1X B3al1MO,l.leHCTBl1H Me)!(JlY Bl1,l.la

M11/rrorry11.HUl1.HMl1 . qacTo nperpaJlbI, He nonycKa10m11e o6MeH reHaM11, 11MeIOT 

3KOlIOrH4eCKyJO np11pony. TaK, Bl1)lbl npo3oqi1111, 0611Tal0li.(He B O)lHOM 11 TOM 

)j{e paH:oHe Iìpa311111111, pa311114aJ0Tc.H no n11mesoì1: 6a3e, pa3Hbie Bl1JlbI ny6os 

pacTYT Ha pa3HbIX noqsax 11 T. Jl. 3Ko11orn4ecKa.H JlH<!ic!iepeHu11au11.H Ha Hepe

rrpoJlyKT11BHhIX CTa,l.lH.HX )!{113HeHHbIX U11KlIOB B TOH 111111 11HOH CTeneHH CHl1)!{a

eT maHCbl Ha ycnelllHYIO rn6pH)ll13aU11!0 Me)!{ny CHMITaTp114eCKl1MH BM)laMH 11 

TeM caMbIM cnoco6crnyeT 11x 113011.Hu1111 [49] . B 3TOM CJiyqae Me)!{ny nony11.H

UH.HM11 cymeCTBYJOT reHeTl14eCKl1 06yc11os11eHHbie pa3111141151 B OTHOllleHHI1 11X 

3KOlIOr!14eCKl1X noTpe6HOCTeH H npenno'-!TeH11H. 

0JlHl1M 113 MexaHl13MOB 3KOlIOrH4eCKOH 11301151UI111 MO)!{HO Ha3BaTb spe

MeHHYIO 11301151U11JO, K KOTOpoH: OTHOC.HTC.H ce30HHa.H 11 cyTO'-IHa.H 113011.HUH.H. 

y 60libll111HCTBa )!{11BOTHbIX H pacTeHMH cymecTBYIOT onpene11eHHbie ce30Hbl 

pa3MHO)!{eHJ151 111111 useTeHH.H: cnap11BaH11e 111111 nepeKpeCTHOe onbIJieHHe rrpo11c

XOJl.HT B onpe,l.lelieHHOe BpeMH ro,l.la (HanpHMep, lieTOM 111111 oceHb!O), a Hepe)lKO 

11 B orrpe,l.le11eHHoe speM5! CyYOK (y onH11x s11nos JlHeM, a y Jlpyr11x HO'-lb!O ). Ha

np11Mep, JlBa 611113Kl1X s11na coceH, Pinus radiata 11 P attenuata, OKa3bIBaJOTC.H 

B CHMnaTp114eCKOM KOHTaKTe B ueHTpalibHOH 4aCTl1 Ka1111c!iopHI1HCKOro no6e

pe)!{b51. 3,1.leCb y P radiata nbIJibUa ocbmaeTC.H B qiespa11e, a y P attenuata - B 

anpe11e ( ce30HHa.H 113011.HUM.H). )J,po3ocli1111b1 Drosophila pseudoobscura 11 D. 
persimilis, KOTOpb1e B 3ana,l.lHOH 4acT11 CesepHOH AMepHKH CHMnaYpl14HbI Ha 

)lOBOlibHO 06lll11pHOH Tepp11Top1111, CKpem11BaJOTC.H B O)lHO 11 TO )!{e BpeM5! ro,l.la, 

HO B pa3Hoe speMH CyYOK: y D. pseudoobscura no11osa.H aKTHBHOCTb Ha61110na

eTC5! no Be4epaM, a y D. persimilis - no yYpaM (cyYO'-!Ha.H H3011.HUI1.H). BMeCTe 

e TeM BpeMeHHa.H 1130115!UH51 MO)!{eT 6bITb H 4aCTJ14HOH, TaK, y pOJlCTBeHHblX 

BH)lOB pacTeHHH nHKl1 useTeHl151 MoryT npoTeKaTb B pa3HOe BpeM.H, HO B ue110M 

nepHO)lbl UBeTeHH.H nepeKpbIBaJOTC.H (4aCTl14Ha.H ce30HHa.H 1130JUIU1151). 

KaK npas11110, B ecTeCTBeHHbJX yc11os11.Hx Ha61110naeTC.H co'-leTaH11e 11301111-

pyiom11x MexaH!13MOB, 11 1111illb B pe)lKl1X c11yqa.Hx 113011.HUH.H BHJlOB C03)laeTC51 

O)lHl1M 11301111PYIOli.\HM MexaHl13MOM. H11 0)ll1H 113 MexaHJ13MOB B OT,l.lelibHOCTH 

_... ......... --------------
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He MO)l(eT npe.uornpaTliTb ni6pH.UH3aumo, a, .ueì1.CTBYH COBMeCTHO, OHH C03)la

IOT IlOJIHYJO H30JIHUHJO BH)lOB B npHpo.ue. 

3. PenpoòyKmueHaR (6uo;wzu'leCKaR) U30JIRLfUR - O.UHH H3 OTJIH'IHTeJih

HhIX npH3HaKOB 6HOJIOrH'IeCKHX BH)lOB. oJiaro.uapH penpO.UYKTHBHOH H30JIHUHH 

nonyJIHUHH MOrYT o6HTaTb Ha o6meH. TeppHTOpHH H COBCeM HJIH IlO'ITH COBCeM 

He o6MeHHBaTbCH Me)l(.uy co6oH. reHaMH. 3TOT BH)l H30JIHUHH BKJIIO'IaeT :HOJIO

rH'IeCKy!O, MOpcpo-cpH3HOJIOrH'IeCKYIO H reHeTH'IeCKYIO H30JIHUHH. 

3moJIOZU'leGKaR U30llRLfUJl OTpa)l(aeT pa3H006pa3Hble cpopMbl COBMeCTHOro 

cymecTsosaHtt» oco6eH. s nonym1utt»X 11 npe.uornpamaeT Me)l(BH.UOBYJO rtt6ptt

.UH3aUHIO BO MHOrHX rpynnax Il03BOHO'IHhIX H 6eCD03BOHO'IHhIX )l(HBOTHhIX. 

K :noJIOrtt'leCKOH H30JIHUHH OTHOCHTCH cneuHcpH'IeCKtte LlAA pa3HhlX BH)lOB 

cpopMbI yxa)l(HBaHHH (TaHUhI, )leMOHCrpaUHH, neHHe, cpepOMOHhl H T. n.), KOTOpble 

y BhIClllHX )l(HBOTHhIX o6bI'IHO npe.uwecTBYJOT KonyJIHUHH, a TaK)l(e TeppHTOpH

aJihHhie tt couttaJihHhJe cpopMhI nose.ueHtt», HanpasneHHhie Ha cTa6HJIH3aUHJO 

BHna/rronynm..1HH. B. fpaHT o6bHCHHeT .ueH.cTBttH, CB»3aHHhie e yxa)l(HBaHHeM, 

.ueH.cTBHeM cpaKTopos, CTHMYJIHPYJOI.UHX nonosoe noseneHHe, H, cne.uosaTeJih

HO, CBH3aHHhlX B orrpe.ueJieHHOH CTeneHH e OT6opoM, HanpasJieHHhIM Ha DOBhl

weHHe npo.uyKTHBHOCTH nonyn»UHH. IToJTOMY HaH6onee npas.uono.uo6HaH rH

noTe3a COCTOHT B TOM, 'ITO CBH3aHHbie e yxa)l(ttBaHHeM npH3HaKH HBJIHIOTCH 

npmrnneHHeM JTonorn'leCKOH H30JIHUHH (49]. ITpH pe3KHX H3MeHeHHHX ycno

BHH o6HTaHHH y )l(HBOTHhlX Moryr B03HHKaTb cpopMbl nose.ueHHH, HHBeJIHPYI.UHe 

MexaHH3MhI JTonorH'IeCKOH H30JIHUHH. TaK, JKcnepHMeHThI Ha Myxax noKaJaJIH, 

'ITO B pe3yJihTaTe crpecca MO)l(eT nOBhilllaTbCH sepOHTHOCTh 6JIH3KOpO.UCTBeH

HblX CKpeI.UHBaHHH BO H36e)l(aHHe «pa3MbIBaHmrn y IlOTOMCTBa reHHhIX oco6eH

HOCTeH, Il03BOJIHBWHX pO)lHTeJIHM Bbl)l(HTb B KpHTH'IeCKHX ycJIOBHJIX (53]. 

Moppo-pu3uoJiozu'lecKaR u30JIRLfUR o6ycnosneHa oco6eHHOCrnMH CTpoe

HHH H cpyHKJIHOHHposaHHH opraHOB pa3MHO)l(eHHH. EcJIH .usa BH)la opraHH3MOB 

pa3JIH'Ia!OTCH no CTpOeHHIO CBOHX IlOJIOBbIX opraHOB HJIH useTKOB, TO 3TO npe

llilTCTByeT KOnyAAUHH, oceMeHeHHIO HJIH OilbIJieHHIO Me)l(.uy opraHH3MaMH 

pa3Hhix BH.UOB. HanpHMep, s 6pa3HJIHH .usa BH.Ua Polygala cocymecrnyIOT Ha 

O)lHOH TeppHTOpHH, He o6pa3yH rn6pH.UOB. IJqeJihl nocema!OT useTKH o60HX 

BH.UOB H npoH3BO.UHT onhrneHHe. Ho useTKtt pacTeHHH ycTpoeHhI TaKttM o6pa-

30M, 'ITO IlblJibUa rrpHJIHIIaeT K pa3Hh1M '!aCTHM rOJIOBhl OilhIJIHIOI.UHX HX II'IeJI, 

6naro.uap» '!eMy oHa MO)l(eT 6hITh nepeHeceHa TOJihKO Ha phrnhue Toro )!(e, HO 

He .upyrHx BH)lOB. 

I'eflemu'lecKaR U30llRLfUR HacryrraeT Torna, Kor.ua CKpemHsaIOmHec» rraphI 

HMeJOT cymecTBeHHhie reHeTH'IeCKHe pa3JIH'IHH, B pe1yJihTaTe '!ero CHH)l(aeTCH 

)l(H3Hecnoco6HocTh 3HroT tt 1apOLlhiweH.. ITpH reHeTH'IeCKOM xapaKTepe pe

rrpoLlyKTHBHOH H30JIHUHH B03HttKaJOT HeCOBMeCTHMb!e raMeThl HJIH IIOHBJIHIOTCH 

rH6pH.Uhl e IlOHH)l(eHHOH )l(H3Hecnoco6HOCTh!O, IlJIO)lOBHTOCTb!O HJIH CTepHJib

HOCTblO. TaK, MHOrHe BO)lHhie opraHH3Mhl BhJ)leJIHIOT raMeTbl B BO.UY (Harrptt 

Mep, MopcKoH. e)!( Strongylocentrotus). ITpH JTOM Hapy)l(HOe orrno.uoTsopeHHe 
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3aBl1Cl1T OT rrepe,1:1Bl1)!(ettm1 11 coen11tteHl15! CB060):IHO)!(l1Bym11x 5IMUeKJieTOK 11 

crrepMaT03011):10B 11 pery1rnpyeTC5! Bl1,[IOCIIeumPwrnhIMl1 6110Xl1Ml1lJeCKl1Ml1 aT

TPaKTaHTaM11. B pe3yJibTaTe 11cKmoqaeTC5! orrnonoTBopett11e Me)!(ny rroJIOBb1M11 

KJieTKaM11 pa3Hb!X Bl1):10B, 0611Ta!Oll.(l1X B o6meM BO,[IOeMe. 

He3aB11c11Mo OT rrp11po,1:1b1 rrepB11'lttoro 11Jon11pyIOmero 6apbepa Me)l(ny 

1130JI11pOBaHHblMl1 rrorryJI5IU115IM11 patto 11Jil1 II03,[IHO, cornaCHO KJIQCCU'ICCKOU MO

ÒeJIU J(o6J1CaHCKOZO- Mi!.ruiepa, B03Hl1KaeT perrp0,1:1yKTl1BHa51 1130JI5IU1151, T. e . re

HeT11'leCKa5! HeCOBMeCTl1MOCTb KaK rro60'!Hb!M 3<P<PeKT 3aKperrJieHl151 B LIByx re

tto<Pottnax pa3ttonnaHOBbIX Myrnu11i1. B rrpocTeiirneM cny'lae Monenb rrpen cKa-

3brnaeT, 'lTO 'll1CJIO reHOB, OTBeTCTBeHHb!X 3a retteTl1'leCKYIO HeCOBMeCTl1MOCTb, 

nomKHO ttapacTaTb rrporropu11ottanbHO KBanpary o6mero '!11cna retteT11'leCK11x 

pa3Jil1'll1M, HaKOIIl1BllJl1XC51 Me)!():ly rronyJI5IU115IMl1. 

Ha ypoBHe retteT11'leCKOM 113omu1111 r116p11,1:1Ha5! CTep11JibHOCTb MO)!(eT 

6bITb o6ycJIOBJietta reHHbIMl1, xpoMOCOMHbIMl1 11 u11TorrJia3MaT11lJecK11M11 rrp11'!11-

HaM11 [ 49]. Ecn11 no KaK11M-JI1160 rrp11'!11HaM ,1:10Korrymu110HHb1e 113on11pymm11e 

MexaHl13Mbl He cpa60TaJI11, o6pa30BaHl1!0 r116p11,1:10B MOryT rrpen5ITCTBOBaTb 

rrperpa,nb1, KOTOpb1e 6noK11pyIOT o6MeH rettaM11 nocne Me)!(Bl1LIOBoro cKpem11-

BaH115! - 3TO nperpa,l:lbl, o6ycJIOBJieHHbie HeCOBMeCTl1MOCTb!O 11 He)!(l13Hecrro

co6HOCTb r116p11,1:10B. y MHOr11x rpynn )!(11BOTHb!X 11 pacTeHl1M rrp11 Me)!(BJ1,UO

Bb!X cKpem11Batt115lx o6pa3yIOTC51 MOll.(Hbie, HO cTep11Jibttb1e rn6p11,1:1b1 Fl. Ha

np11Mep, MYJI - pe3yJibTaT cKpem11satt115! K06hIJibI 11 ocna, 11n11 Me)!(Bl1LIOBbie 

rn6p11,Ubl pacTeHl1M, y KOTOpb!X o6pa3yIOTC51 useTKl1 e a6opT11BHblMl1 IlbIJ!bHl1-

KaMl1. y Me)l(Bl1):10BblX r116p11,1:10B )!(11BOTHblX rrpouecc ,UeJieHl151 KJieTOK 3apOL1bl

rneBoro nyT11 ttepenKo rrpepbrnaeTC51 BCJie,1:1cTB11e reHHbIX Hapywemtii: crrepMa

ToreHe3 MO)!(eT rrpeKpaT11TbC5! no Ha'lana Mei10T11'lecK11x nenett11i1 11n11 )!(e Mei1o3 

MO)!(eT npoTeKaTb a6eppattTHO. Hapyrnett11e crrepMaToreHe3a Ha crn,1:1115lx, npen

rnecTBymm11x Mei103y, - OCHOBHa51 np11'll1Ha CTep11JibHOCTl1 y caMUOB Myna; 

HapyrneHl151 caMoro Mei103a - np11'll1Ha CTep11JibHOCTl1 y r116p11,UHbIX CaMUOB 

rrp11 tteK0Topb1x cKpem11BaHl15IX Me)!(ny pa3HbJMl1 B11,UaM11 Drosophi/a (ttanp11-

Mep, D. Pseudoobscura x D. Persimilis). 
Tiepe411CJieHHb!e <PopMbl perrponyKTl1BHOM 1130JI5IU1111 B03Hl1KaIOT He3aBl1-

Cl1MO np'yr OT npyra 11 MOryT CO'leTaTbC51 B JII06bIX KOMfa1HaUl15IX. 0,nttaKO 

11MeHHO zeHemu<1eCK)'IO 1130Jl5IUl1!0 ClJl1TaIOT 0,[IHOM 113 caMb!X Ba)!(HblX <PopM 

perrpo,nyKTl1BHOM 1130JI5IUl111, TaK KaK OCTaJibHbie <PopMbl perrpo,UyKT11BHOM 1130-

JI5IU1111 np11 Bl1,U006pa30BaHl111, B KOHe'lHOM 11TOre, senyT 11MeHHO K B03Hl1KHO

BeHl1!0 He3aB11c11MocT11 retto<Pottnos LIBYX rronyn51u11i1. 

B 3asepweH111e pa3,1:1ena MO>KHO cKa3aTb cnenytoU\ee. nonymu.111151 KaK pacnpene

neHHaH ClllCTeMa MO>KeT 6b1Tb paCCMOTpeHa B Ka4eCTBe aKTlllBHOCi cpe,Ubl (BcnOM

HHM ynOMHHaBw11ern BblWe BOJIHbl naH,UeM111C1). no3TOMY nto6oC1 1113 nepe4111cneH

HblX cj)aKTOpOB MO>KeT lllHl11..111HpOBaTb cpopMlllpOBaHHe BOAHTeneC1 p11TMa lii Bbl-

3BaTb asroKone6arenbHb1e 111 asrosonHOBble npo1..1eccb1. B pHAe cny4aes 

cosnana10U111M11 no cjla3e oKa3blBa10rrn 1..111KJI114ecK1-1e Kone6aHH5! 411cneHHOCTH He 

TOJibKO pa3HblX nonynHL(HCi 0,UHOro BH,Ua, HO 11 pa3HblX 811,UOB, 0611Ta10U\l1X B 06-



412 rnasa 5. 3sont0u,11R reo611occj:lepb1 3eMn11 

11\eH 3KorncreMe. nosb1weH11e 411cneHHocr11, KaK Mbl y>Ke rosop111111, BblHV>KJJ.aeT 

nonym1u,1110/Bl1A pacw11pHTb rpaH11u,b1 apeana, yrnmrnaeT M11rpau,1110 11 KOHTaKTbJ 

Me>K,D,y oco6RMl1 pa3HblX rpynn11pOBOK 11 cnoco6crsyeT 01HXpOHl13aU,1111 U,J.1Kn0B. 

0611\ee cH11>KeHJ.1e nnoTHOCTJ.1 nonynHU,J.1J.1 cH11>KaeT ee pecypc KaK aKrnBHOH cpe

Abl , 11 B 3TOM cnyYae, Aa>Ke np11 B03Hl1KHOBeH1111 BOAJ.1TeneH p11TMa, pacnpocrpa

HeHJ.1e aBTOBOJIH 3aTPYAHJ.1TenbHO, np114eM Aa>Ke B DAHDPDAHOH cpeAe. 

Ha pa3Hb1X 3Tanax Kp"1BOH nonyJIRL.1,J.10HHOH BOJIHbl AOMl1Hl1PYIOT pa3Hble cj>aKTO

pbl. KaK npaBJ.1JIO, 3Ha4eHJ.1e 611ou,eHornYeCKJ.1X J.1 oco6eHHD nonynRU,J.10HHbJX 

cjlaKrnpos Ha nepJ.1cjlep1111 apeana CH11>KaeTrn, J.1 BeAyll\ee 3Ha4eHJ.1e np"1o6peTa

JOT cj>aKTOpbl BHeWHeH cpeAbl, oco6eHHO KnJ.1Marn4eCK11e, AeHCTBYIOll\J.1e KaK He

nocpeACTBeHHO, TaK J.1 nocpeACTBOM KOpMOBOH 6a3bl. 111 , Hao6opoT, npJ.1 yAaJieHJ.1J.1 

OT rpaHJ.1LI, apeana paCTeT BJIJ.151HJ.1e cjlaKTOpOB, 3aBJ.1CHU\J.1 X OT nJIOTHOCTJ.1 nonynR

Ll,J.1J.1, T. e. 6J.10U,eHOTJ.14eCKOH J.1 nonyJIRL.1,110HHOH peryJI51U,J.1J.1 . 06bJ4HO 3aBJ.1CH[1\J.1e OT 

nJIOTHOCTJ.1 nonyJIRLl,J.1J.1 cjlaKTOpbl OKa3bJBalOT Ha ee 4J.1cneHHOCTb cra6J.1Jil13"1pyl0-

ll\ee BJil1RHJ.1e (npJ.1 CDJ.1WKOM BblCOKOH nJIOTHOCTJ.1 nonyJIRL.1,J.1J.1 OHl1 Bbl3bJBalOT co

Kpall\eHJ.1e 4J.1CDeHHOCTJ.1, a npJ.1 naAeHJ.111 - C03AaJOT ycnOBJ.1R ADA BOCCTaHOBJie

HJ.1R onrnMaJibHOH YJ.1cneHHOCT11) . To ecrb 3rn cjlaKTOpb1 npoHBJIHIOT csoe ceneK

rnsHoe Ae~CTBJ.1e B TOM cnyYae, KOrAa nJIOTHOCTb nonyJIRL.1,J.1J.1 AOCT11raeT J.1Jil1 

npesb1waeT noporoBbJH yposeHb, Hanp"1Mep, npJ.1 HaJIJ.14J.1J.1 J.1HcjleKU,J.10HHbJX 3a6o

nesaHJ.1H B nonyJIRL.1,J.111, AOCTJ.1rWeH noporosoH nJIOTHOCT11, Ha4J.1HaeTCR OT6op Ha 

yCTOH4J.1BOCTb K COOTBeTCTBYIOU\J.1M 3a6onesaHJ.1RM, J.1 3TOT OT6op pacreT e pOCTOM 

nJIOTHOCTl1. np"14eM ceneKTJ.1BHa51 u,eHHOCTb AaHHOro reHa MO>KeT J.13MeHRTbCH B 

WJ.1pOKOM AJ.1ana3oHe J.1 o6ecne4J.1BaeT ceneKrnBHoe npe"1Myll\eCTso np11 noporo

BbJX nnoTHOCTRX nonyJIRLl,J.1J.1. B np"1HU,J.1ne, KOJie6aTeJibHaR no csoeH np"1pOAe 

CJ.1CTeMa nonyJI51U,J.10HHblX BOJIH 6yAeT BeCTJ.1 ce651 nDA06HO X J.1MJ.14eCKO~ 6eno

ycoscKOH 01CTeMe, reHep"1py51 aBTOBOJIHOBbJe pe>KJ.1Mbl. 

5.2.2. EuoTuqecKH.e B3aHMOOTHOIIIeHH51 

B 6uou;eH03aX KaK rrepBOOCHOBa 

caMoopraHH3au;uu 

Vl3 scex 3aKOHOB np1-1pOAbl , B03MOJKHO, caMblH 

3aMeYaTellbHblH - 3aKOH BbllKHBaHHR c11a6ei1w1-1x. 

811aA11M11p Ha6oKoa 

B npou,ecce 611onornYecKoH 3BOJIJOU,J.1J.1, s coorneTCTBJ.1J.1 e 3aKOHDM 3KOJIDrn4e

cKoH Koppen51U,J.1J.1, ace BXOARU\J.1e B 3KOCJ.1CTeMy nonyJIHL.1,J.1J.1 cjlyHKU,110HaJibHO 

coorneTCTBYJOT APYr Apyry, 11 YHJ.14TO>KeH11e OAHDH eA11HJ.1U.bJ J.1JIJ.1 11x rpynnbJ 

scerAa B KOHe4HOM J.1TOre BeAeT K 11C4e3HOBeHJ.1JO Apyrnx B3a11M03aBJ.1CJ.1MblX 

nonyJIHU,J.1H B 3K001CTeMe. 

YcToifq11sa~ rrorry1rnu11~ rro.npa3)'MesaeT BKJI10l!eH11e scex so3pacTHhIX 

rpyrrrr 11 He CHH)l(a10m11ifc~ yposeHh pa3MHO)l(eHJrn, 4TO 06e cneq11saeT ee .nn11-
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TeJ!bHOe cymeCTBOBaHHe H OTJIH'IaeT nonymIUHlO OT OT)leJ!bHh!X opraHH3MOB, 

)!(H3Hh KOTOpbIX 3aBe)lOMO orpaHH'IeHa BO speMeHH. ITpH 3TOM HaH6011ee 

CJIO)!(Hhle B3aHMOOTHOIIIeHH51 B03HHKalOT B nonyJJHUH5IX CTaifHhIX, CTa)lHb!X H 

KOJIOHHaJ!bHh!X )!(HBOTHhIX, o6pa3 )!(H3HH KOTOpb!X npe.uno11araeT CTporoe pa3-

)leJJeHHe 06513aHHOCTeif Me)!()ly pa3JJH'IHh!MH rpynnaMH )!(11BOTHhIX, a noTOMY 

.uaeT npe11MyIUeCTBa B Hana.ueHHH H 3aIUHTe OT sparos 11 D03BOmieT DOJ!Hee 

HCDOJ!b30BaTb KOpMOBbJe pecypCbl (Hanp11Mep, KOJJOHl111 o6mecTBeHHhIX Hace

KOMh!X - Mypas&eB, TepMHTOB, nLJe11). 

ct>aKT"14eCK"1, Mbl BHOBb BCTpe4aeMrn e i-iepapxi-iei1 CaMOOpraH"13YIOLL\"1XCl'l aKT"1B

HblX cpe.u, o6pa3yt0ll.\"1X yaoi141-1syto npoapaHCTBeHHo-speMeHHyto CTPYKTYPY 3a 

C4eT Cyll.\eCTBOBaH"1l'l MHO>KeCTBeHHblX BeprnKallbHblX nps:lMblX "1 o6paTHblX CBl'l3ei1. 

C 3THX D03HUHÌf DOJ!e3HOCTb 11JIH Bpe)lHOCTb B3aHMOOTHOIIIeHHÌf opra-

HH3MOB B 6HOUeH03ax, T. e. Te caM&Ie npi:IMhie H o6paTHbie CB51311, MO)!(HO KJ!aC

cmpHUHpOBaTb CJ!e)lylOIU11M o6pa30M: 

I. B3aUMonolle3Hbte OTHOIIIemu1 npoi:IBJ!HlOTCH B cpopMe c11M61103a (HanpH

Mep, 6aKTepHH, o6HTalOIUHe B KHIIIe'IHl1Ke 'IeJJOBeKa, no11y'IalOT n11Ta

TeJ1bHbJe semeCTBa, LJeJJOBeK 11CDOJih3yeT Bl1TaMHHhl, CHHTe311pyeM&Je HMH, 

a BMeCTe OHM COCTaBJJ5IlOT CHM6HOHTHYIO Cl1CTeMy). 

2. B3auM06peÒ1-1bte. BHyrpHBH.UOBaH KOHKypeHUHH 3a Cb1p&es&1e pecypc&1, 

TeppHTOpHlO H T . .u. npoTeKaeT .uocrnTO'IHO .upaMaTH'IHO, Ha LJTO yKa3h1Ba11 

eme l.J. JJ:apBHH, TaK KaK oco611 O)lHOro BH)la xapaKTepH3YlOTC51 O)lJrnaKO

Bh!MH Tpe6oBaHH5IMH K ycJIOBH5IM o6HTaHH51 . lhBeCTHbl TaK)!(e MHOro'IHC

JJeHHbie npHMepbl Me)!(BH)lOBOH KOHKypeHUHH. 

3. B3aUM01-1eìimpGJ1bHb1e. ITpH 3TOM naprnep&1 Moryr He scrynaTh B npHMOtt 

KOHTaKT (s JiyrosoM 611oueH03e 06HTa10T KY3He'IHKH H )lO)!()leB&Ie 4eps11, KO

TOp&1e .upyr Ha .upyra npi:IMOro BJll15IHH51 He OKa3h!BalOT, O)lHaKO 'IeM HHTeH

CHBHee .uei:ITeJ!bHOCTh )lO)!()leBblX LJepseì1, TeM 611aronp115ITHee ycJJOBH51 )lJJ5I 

pacTeHHH, TeM 60J!bllie y6e)!(HlU H KOpMOBb!X pecypcoB .umr KY3He'IHKOB). 

4. lloJ1e31-10-1-1eìimpaJ1bflbte. TaK, 1111IIIaì1HHKH, noce115Ii:ICh Ha CTB011ax .uepes&

es, HCDOJ!b3YlOT HX B KaLJeCTBe cy6cTparn, He 3a6HpaJI y HHX H11 so.uy, HH 

nHTaTeJJbHble semecTBa, T. e . .uepeso He HCDbIThIBaeT OT TaKl1X OTHOIIIe

HHH Hl1 DOJ!b3hl, HH spe.ua - KOMMeHCaJJH3M. 

5. Bpeò1-10-1-1eìimpallbflbZe. Ec11H B 11ecy .uoso11&Ho 6JJH3KO pacno11o)!(eH&1 cocHa 

11 6epe3a, TO TOHKHe BeTBH 6epe3bl no.u .ueì1CTBHeM serpa OTCeKalOT BeTKH 

COCHhl, H ee KpOHa CTaHOBHTC51 O)lH060KOH. KpoHa )!(e 6epe3b! OT 3TOro He 

crpa.uaeT. 

6. ilOJle3fl0-6peÒ1-1bze B3aHMOOTHOIIIeHHJ! Ha OCHOBe m1meBblX CB513ett IIIHpO

KO pacnpocTpaHeHbl B rrpHpo.ue H MOryr CKJ!a)l&JBaTbC51 Me)!()ly XHIUHHKOM 

H )!(epTBOH, napa3HTOM H X035IHHOM. 

Ka)!()lOMY 113 npHBe)leHHh!X THCTOB OTHOIIIeHHH MO)!(eT COOTBeTCTBOBaTb 

a.ueKBaTHaJI CHCTeMa np51Mb!X H o6paTHhlX CBJI3eì1 - ropH30HTaJ!bHbie, sepTH-
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KaJibHbJe H CMeUiaHHhie. lkKJIJ-Oqemte COCTaBJIJII-OT ormoHeHTHhie OTHOUieHHH 

«XHlUHHK - :lKepTBa», OTHOCJllUHeCJI K npocTeHUIHM HepapxHqecKHM aKTHB

Hh!M cpe.uaM. IIo.uo6HaJI ToqeqHaJI CHCTeMa MO:lKeT HaXO.UHTbCJI B aBTOKOJie6a

TeJibHOM pe:lKHMe, a pacnpe.ueJieHHaJI - B aBTOBOJIHOBOM. 

3BOJllOl.11'10HHaH pOJib 6l40Tl'14eCKl4X OTHOWeHl4H npOHBfiHeTCH B o6pa30BaHl'11'1 

1'1Ml'1 MexaHl'13MOB ecrecTBeHHOro or6opa, l'1 1-13 scex rnnos 61-1orn4ecKl'1X orno

weHl'1H B 61'10l.leHo3e Hal'16onee 04eBl4AHbl 61'10Tl44eCKl'1e CBH3l4, cnoco6cTByt0-

ll\l'1e 06beA1'1HeH1'1IO B1'1AOB B C006ll\eCTBa pa3HOfO Macwra6a. 

5.2.2.1. CHM6H03 

nporpeccy B >KHBOCi npHpOAe H 4e/\OBe4eCKOM 
06111ecrse cnoco6crnyer He CTO/\bKO 6opb6a, CKOllbKO 
B3aHMOnOMOll.lb. 

K. <!>. KecC11ep 

CuM6u03 - B3aHMOnone3HOe B3attMo.ueìicTBHe H cocYllleCTBOBaHHe npe.u

cTaBHTeneìi pa3HhIX 6HOJIOrWieCKHX BH.UOB KaK Ha ypOBHe MHOrOKJieTOqHhIX 

opraHH3MOB, TaK H Ha ypOBHe OT,UeJibHh!X KJieTOK (BH)'TpHKJieToqHh!H CHM6H03), 

npH KOTOpbIX nonyqaeMaJI CHM6HOTaMH ((fl0Jlb3a» nepeBeIIIHBaeT 3aTpaTbl, Tpe-

6yeMhJe Ha no.u.uep:lKaH11e B3aHMOOTHOIIIeHHì1. TepMHH «CHM6Ho3» Bse.ueH He

Mel\KHM 6oTaHHKOM A . .ue liapu (1879) . 
3BOJil-Ol\HJI - 3TO nOCTOJIHHb!H nOHCK KOMTipOMHCCa B npouecce KOJIJieK

THBHOro eCTecTBeHHOro OT6opa. 11 Ha116onee 3cpcpeKTHBHh!M .UBH:lKHTeJieM Ha 

3TOM flyTH JIBJIJleTCJI CHM6H03, Jie:lKall{HH B OCHOBe MHOrHX nporpeCCHBHh!X npe

o6pa30BaHHH B 611occpepe. IlpH 3TOM TeCHb!H KOHTaKT CHM6HOHTOB qacTO cno

co6cTBOBaJI HX K03BOJII-OUHH 11 npocTPaHCTBeHHOMY pacnpocTpaHeHHI-O. Ka)l()lo

MY opraHH3MY B npouecce :lKH3He,UeJ1TeJihHOCTH Heo6xo.u11Mo peUiaTh MHoroqHc

neHHhie 11 qacrn npoTttBopeqHBhJe npo6neMhI: nonyqaTh H3 OKpY:lKaI-Omeìi cpe.UhI 

Heo6xo,UHMhie BemecTBa 11 3Hepr111-0, ocymecTBJIJITh npoueccbI Mcra6oJIH3Ma H 

o6MeHa Hacne.ucTBeHHhIM MaTep11anoM, 3am11maThCJ1 oT sparos 11 .up. 

no3TOMY MO>KHO CKa3aTb, 4TO rnM61'10HTbl C03AalOT rnCTeMbl, 3aHl'1MalOll\1'1e B 1'1e

papX1'11'1 61-101.1eH03oB npoMe>KyT04HOe nono>KeHl'1e Me>KAy opraHl'13MaMl'1 H 3KO

C1'1CTeMaMl'1, - «rnM61'1ornYecKl'1e rnepxopraHl'13Mbl». Pa3Bl'1rne rnM61'1ornYeCKl'1X 

Cl'1CTeM MO>KeT npHBOA1'1Tb K l4HTerpat.1l41'1 Ha ypoBHe 61'10XHMl44eCKl4X npo1.1eccos 

(pa3AeJieHl'1IO OTAeJibHblX 3TanoB o6MeHa Bell\eCTB Me>K,Uy KOMnoHeHTaMl'1 rnc

TeMbl) l'1 Aa>Ke K B03Hl'1KHOBeHHIO 06ll\1'1X rnCTeM reHern4eCKOH perynHLJ.1'11'1 [54]. 

THnhI CHM6HOTHqecKHX B3aHMOOTHOIIIeHHH npHHJITO no.upa3,Uem!Th CJie-

.llYI-OlUHM o6pa30M: MyTyaJIH3M, KOMMeHCaJIH3M, aMeHCaJIH3M H napa3HTH3M 

(aHTarDHHCTHqecKHH CHM6H03). Ho Mb! .no6aBHM K 3TOMY eme O.UHY cpopMy -

COl..{HaJibHh!H CHM6H03, OCHOBaHHhIH Ha aJibTPYH3Me. 

I . MymyaJ1u3J11 - 0601-0)lHO BhirO.UHhIH BH.ll c11M61103a. MyTyanH3M MO:lKeT 

6hITb «:lKeCTKHM» - Koaòanma71u51 (c0Tpy.utt11qecTBO )l(J13HeHHO He06XO)lHMO 
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L(Jl.SI 06m1x rrapTHepos) IUIH «MHrKHM» - npomOKOOnepalJUfl (Ka)f(L(hlH BhIHr

phIBaeT OT rrpHCYTCTBHH L1pyroro, HO MO)f(eT cymeCTBOBaTh H caMOCTOHTeJlhHO ). 

B 3BOJJ!OLU1H opraHH3MOB cymecTBY!OT MHOrol.JHCJleHHhie rrpHMephI, Koma 

BHpyChl HJIH BHpyCOI10L(06Hhie o6beKThl ChlrpaJJH Ba)f(HY!O ITOJlO)f(HTeJlhHYlO 

poJJh. TaK, TeJJ0Mepa3a (cj>epMeHT, L(o6aBJJH!Oll\HH oco6h1e rrosTopH!Oll\Hec» rro

CJJeL(oBaTeJlhHOCTH ,ll,HK K KOHUY uerm Ha yl.JaCTKax TeJlOMep, KOTOph!e pacrro

Jlara!OTCH Ha KOHuax xpOMOCOM B 3yKapHOTH1.JeCKHX KJleTKax) HMeeT BHpycttoe 

rrpoHCXO)f(L(eHHe (MhI rosopHM o PHK-coL(ep)f(all\HX BHpycax) [55]. Te110Meph1 

COL(ep)f(aT yrrnOTHeHHY!O ,ll,HK H CTa6HJlH3Hpy!OT xpOMOCOMhI, H npH Ka)f(L(OM 

L(eneHHH KJleTKH TeJJoMepHhie yqacTKH yKopaLIHBa!OTCH. CymecTBOBaHHe Me

xaHH3Ma, KOMITeHCHPY!Oll\ero yKopol.JeHHe TeJlOMep (TeJlOMepa3hl), 6b1Jl0 rrpeL(

CKa3aHO A. M. 0JIOBHHKOBhlM (1973). PHK-coL(ep)f(all\HH BHpyc - 3To crre

uHaJJhHoe ycTpOHCTBO L(JlH 3anHCH HHcj>OpMauHH B reHoMe L1pyrnx opraHH3MOB. 

To eCTh B CHM6H03e «LieJlOBeK - BHpyc» HHcj>OpMauH», 3aITHCaHHaH B BHpyc

HOH PHK, rrepenHchrnaeTc» B cj>opMe ,ll,HK y)f(e B reHoM LieJJOBeLiecKoì-1 KJJeTKH . 

I1 HMeHHO BHpyc KOL(HpyeT He06XOL(HMhle cj>epMeHThl L(JlH 3aITHCH HHcj>OpMal.(HH 

B rettoM. ITpapoL(HTeJlHM scex BhICUIHX opraHH3MOB (3yKapHOTaM) yL(aJJOCh 

«ITPHPY'IHTh» PHK-BHpychI L(JlH L(OCTpaHBaHHH KOHl.JHKOB xpoMOCOM, HCilOJlh-

3Y» HX orrpeL(eJJeHHoe csoì1cTso: BHpychI, rronaL(a» B KJJeTKy, Hal.JHHa!OT pa6o

TaTh KaK 1.JaCTh 3TOH KJleTKH. ITo ITOCJleL(HHM L(aHHhlM, 40-45 o/o BCero reHOMa 

1.JeJJOBeKa - 3TO 6hJBUIHe s11pych1 HJJH pa3MHO)f(HBUIHec» BHpyconoL(o6Hh1e 

ofo,eKThl. To eCTh MO)f(HO CKa3aTb, LITO MOJleKyna )J,HK - 3TO CHM6HOTHLieCKaH 

MOJleKyJJa, B03HHKUiaH B pe3yJlhTaTe CHM6H03a [55]. 
5IpKOH HJ]Jl!OCTpauHeH KoaiJanmalJUU MO)f(eT CJlY)f(HTh UIHpOKO H3BeCTHhIH 

CHM6H03 Me)f(L(y pacTeHHHMH H a3oTcj>HKCHpy!Oll\HMH 6aKTepHHMH. B CHCTe

MaX, OCHOBaHHhlX Ha 6HOXHMHLieCKOH KOOnepauHH, o6mHì1 o6MeH semeCTB 

HHTerpHpOBaH Me)f(L(y CHM6HOHTaMH H cnoco6cTBYeT HX WHpOKOMY npo

CTpaHCTBeHHOMY pacnpeL(eJJeHH!O. l13BeCTHO, LITO OCHOBHaH 1.JaCTh 6Hoccj>ep

HOro a30Ta COL(ep)f(HTCH B aTMoccj>epe B XHMHLieCKH HHepTHOH MOJTeKyJJ»pHOH 

cj>opMe {N2). Bee BhICWHe opraHH3MhI, B TOM LIHCJle pacTeHH», He cnoco6Hhl K 

cj>HKCauHH a30Ta H3 aTMOccj>ephl H a30Ta, conep)f(amerocH B IIOLIBe B COCTaBe 

opraHHl.JeCKHX semecTB, BBHLIY OTCyTCTBHH cj>epMeHTOB, Heo6xOL(HMhIX L(JlH L(e

CTPYKUHH opraHHKH. CJTenyeT OTMeTHTh, YTo opraHeJlJJhI B xone 3BOJJIOUHH yT

paTHJJH crroco6HOCTh K a30Tcj>HKCal.(HH, LieMy B HeMaJJOH CTerreHH, BHL(HMO, 

crroco6cTBOBaJl CHM6H03 e HenocpeJJ:CTBeHHhIMH a30Tcj>HKCaTopaMH, IT03BO

JIHBUil1H rrapTttepaM 6011ee BhiroL(HO pacrrop»JJ:HThCH 3Hepr03arpaTaMH. ITo3TO

MY en11HCTBeHHhIMH opraHH3MaMH, cnoco6HhIMl1 K soccTattosneHH!O a30Ta, 

HBJIH!OTCH «L(ep)f(aTeJIH» HHTporeHa3hl ( KOMITJieKca cj>epMeHTOB, ocymecTBJIH!O

ll\ero rrpouecc cj>HKcauHH aTMoccj>epHoro a3orn) - 6aKTepHH (a11hcj>anpoTeo-

6aKTep1111, uHaHo6aKTepHH H aKTHH06aKTepH11) H apxe11. KoorrepauH» Ha3eM

HhIX pacTeHHH e M11KpoopraHJ13MaMI1, cnoco6HhIMI1 nepeBOL(HTh a30T B L(OC

TYTIHY!O L(JIH pacTeH11ì1 cj>opMy (aMMOHHH, NH/ ), ocymecTBJJHeTc» B cj>opMe 

«611ox11M111.JeCKoro C11M61103a» [54, 56]. A1Ihcj>anpoTeo6aKTep1111 (K11y6eHhKO-



416 rnasa 5. 30ont0l.\~H reo6~occpepb1 3eMn~ 

Bhie 6aKTepr111) nocTaBJUllOT pacTemu1M NH/. B3aMeH OHH nonyqaJOT KOM

nneKc 3JleMeHTOB m1TaHHH, K OCHOBHbIM l13 KOTOpblX OTHOCHTCH: YTJleBOnhl, 

06pa3yeMb1e paCTemrnMH s npouecce <t>oTOCHHTe3a, H K11cnopon s Heo6xontt

Moì1 6aKTep11HM KOHUeHTPaUl111 (Ha 5-6 nopHnKOB Hl1)!(e aTMoc<t>epHOtt) . ITpo

uecc 06ecneq11sa10T cneuttantt311posaHHb1e cpepMeHTbJ pacTeHtttt, conep)!(a

m11ecH TOJlbKO s Kny6eHbKax. A30T<t>11Kcttpy10mtte uttaH06aKTep11tt, B orntt'Itte 

OT anh<t>anpoTeo6aKTepttì1, caMtt cnoco6HbI K <t>oTOCHHTe3y, 'lTO ynpomaeT 

cHa6)!(eH11e cttM6110HTOB Heo6xonttMoì1 3Heprtteì1. KaK 113BeCTHO, u11aH06aKTe

ptttt - <t>oTOTpo<t>bI , ocymecTBJlHIOIL(He OKC11reHHhltt <t>oTOCl1HTe3, onHaKO Kl1-

cnopon, aTMoccpepHbltt H Bb1neJl5!eMbitt np11 <t>oTOCHHTe3e, 11Hm611pyeT cpep

MeHT HttTporeHa3y, Heo6xonttMYJO nm1 a3oT<!>ttKcawm. Y u11aH06aKTepttì1 nttK 

<t>oTOCl1HTeT11'IeCKOtt aKTl1BHOCTl1 Ha6n10naeTC5! B CBeTnoe, a DHK HI1TporeHa3-

HOH aKT11BHOCT11 - s TeMHOe speMH CYTOK. A npouecc a3oT<PttKcautttt noKam1-

30BaH s reTepouttcrnx {KneTKax H11T'IaTblX u11aH06aKTep11ì1, ocymecTBJlH101Q11x 

a30T<!>ttKcau1110 ), KOTOpble OTJll1'lalOTC51 TOJlCTbIMl1 nOKpOBaM11, 1-ITO npeDHTCT

ByeT rrpOHl1KHOBeHl1!0 KHCJlOpona. feTepou11CTbl nonyqa!OT opraH11'IeCK11e Be

meCTBa OT <t>oTOCl1HTe3ttpy!OIQl1X lJJleHOB coo6ruecTBa, 11 np11 HenocTaTKe B 

llHTaTeJlbHOtt cpene CB513aHHOro a30Ta conep)!(aH11e reTepOU11CT B K0Jl0Hl1l1 MO

)!(eT nanaTb no 5- 15 %. CBH3aHHbitt a30T HaKann11BaeTcH B rpaHynax uttaHo

<PttUHHa HJlH 3KcrropT11pyeTCH B s11ne rnyTaM11Hosoì1 KHCJlOThJ. B 3TOM H 3a

KJl!OlfaeTcH BKnan u11aH06aKTep11ii B naHHYIO CHM6110TH'leCKYIO Cl1CTeMy. 

TepM11rnM nnH HOpManbHott )!(113HeneHTenhHOCTH TaK)!(e Heo6xonttM a30T 

B yno6Hoì1 nJ151 ycsoeH11H cpopMe. ~onroe speMH Clfttrnnocb, lfTO s rrepepa6oTKe 

KJleT'faTKH (113 npeseCl1Hbl) TepMHTaM llOMOralOT 0611Ta10IQl1e B 11X Kl1We'1Hl1Ke 

npenGTaB11Tentt oco6oì1 rpynrrhI )!(ryT11KoHocues, KOTOpb1e pa3nara!OT 110Tpe6-

Jl5!eMy10 TepMHTaM11 ueJlJllOJl03y. 3aTeM BbUICHHJlOCh, 'lTO 3Ta CHM6110TH'leCKaH 

CHCTeMa ycTpoeHa CJlO)!(Hee: )!(ryTl1KOHOCl(aM, B CBOIO O'lepenh, nOMOralOT )!(11-

BYIQl1e B 11x KJleTKax 3HnocttM6110HTbI - 6aKTeptt11 Bacteroidales (B Ka)!(noM 

)!(ryT11KoHocue rroCTOHHHO 06ttTa10T nopHnKa 100 TbIC. Bacteroidales), KOTO

pb1e Bb1pa6aTbIBa10T uenmona3y - cpepMeHT, pa3nara10ru11ì1 uenn10no3y [57]. 
0Ka3anocb, 'lTO, ttapHny e reHaMtt, OTBetJaJOIQ11M11 3a c11HTe3 uenn10na3b1, s re

HOMe 11Me!OTC51 reHbl, KOn11pyI01Ql1e cpepMeHThl, OTBeTCTBeHHhle 3a CB513b!BaHl1e 

cBo6onHoro a3orn aTMoccpephI H npesparueHtte ero s <t>opMy, rrpttronHylO nnH 

l1CllOJlb30BaHl1H He TOJlbKO caMHMH 6aKTepH.51Ml1, HO TaK)!(e )!(ryTl1KOHOCUaMl1 l1 

TepM11TaM11. B lfaCTHOCTH, 3TO reHhI, 0Tseqa10ru11e 3a CHHTe3 HttTporeHa3hl -

sa)!(Heì1wero <t>epMeHTa, ocyruecrnnHIOIQero pacmenneHtte TPOttHoii CBH311 s 

MoneKyne a3orn, 11 reHhI, Konttpy10ru11e npYTtte tteo6xon11Mb1e nnH a30T<t>11Kca

UHH 6enKH. Ho, rroMttMo CBH3hIBaH11H aTMoc<t>epHoro a3oTa 11 nepesona ero s 

NH3, 3TH 6aKTeptttt, 110-s11.u11M0My, crroco6Hb1 yTttn11311posaTb npo.uyKThI a30T

Horo o6MeHa, KOTOpb1e 06pa3y10TCH s xone MeTa6on113Ma caMttx 11pocTeì1w11x. 

ITOCKOJlbKY CBH3h!BaHtte a30Ta Tpe6yeT 60Jlbilll1X 3HepreTtt'IeCKl1X 3aTpaT, CllO

co6HOCTb K yTttJltt3aUHH rroMoraeT CHH311Th CYMMapHbie 3Hepr03aTPaThI sceì1 

Cl1CTeMhl «TepM11Tbl - )!(rYTHKOHOCl(bl - 6aKTepl111». 
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Y no.uaruunomero 6oJihllIHHCTBa pacT11TeJJhHO».UHhIX lKl1BOTHhIX OTCYTCTBY

JOT cpepMeHTbl .lllI» pacmenJJeHH» paCTHTeJJbHb!X TIOJJl1MepoB (rnaBHhlM 113 KOTO

pb!X »BAAeTc» ueJJJIJOJJ03a). IIo3TOMY npaKTw1ecK11 sce lKHBOTHb1e-cp11Tocparn -

3TO Ha caMOM .ueJJe CHM6HOT11'JeCK11e KOMnJJeKCbl, COCTOHU111e 113 lK11BOTHOro

X03HHHa 11 pa3H006pa3Hb!X 6aKTep11if, rp11600 11JIH npocTeHWHX (npw1eM npo

CTeiiw11e 3aqaCTYJO caMH HMe!OT 6aKTepHaJJhHbIX CHM6110HTOB). Ho pOJib CHM6H

OHTOB He CBO.lll1TC» JIHlllb K pacmenJieHHIO paCTHTeJibHhIX TIOJI11Mepo0, OHH TaK)l(e 

cnoco6Hhl YTHJIH3HpOBaTb npO.UYKThI a30THOro MeTa6omnMa 11 CHHTe311pOBaTb 

MHOrne sew.ecTBa, OTCYTCTBYJOUIHe B paCTHTeJJbHOH n11w.e, HO He06XO.lll1Mb!e )1(11-

BOTHblM. HeKOTOpbie 611ox11M~eCK11e npoueccbl B TaK11X Koa.uanTHBHblX Cl1CTe

MaX 0Ka3b!Ba!OTC» qeTKO HHTerp11poBaHHblMH. HanpHMep, B CHCTeMe <<TJJ» -

6aKTep11» Buchnerm> 0alKHeii11Iee semecrno KocpepMeHT A (MoJJeKYJihI He6eJJKO

BOH np11p0.llhl, KOTOpbie, cneu11cp11qecKH coe.UHH»HCb e COOTBeTCTBYJOllll1MH 6eJI

KaMl1 - anocpepMeHTaMH, o6pa3YJOT 6110Jiorw1eCKl1 aKTHBHYJO MOJieK)'Jly cpep

MeHTa) COBMeCTHO CHHTe3HpyeTC» CHM6110HTaMH: Ha nepBOM 3Tane 6aKTep11» 

CHHTe3HpyeT 113 n11pysarn (KOHeqHoro npo.uyKTa MeTa6oJIH3Ma rnJOK03hI B rrpo

uecce rJJl1KOJIH3a) naHTOTeHaT (naHTOTeHOBa» KHCJJOTa), Ha BTOpOM 3Tane TJJ» 

CHHTe311pyeT 113 naHTOTeHaTa KocpepMeHT A, a pe3yJibTaT CHHTe3a HCTIOJib3YeTC» 

CHM6110HTaMH BMeCTe [56, 57]. 
lbsecTHhI TaKJKe MHOroq11cJieHHb1e np11Mepb1 Koa.uanTl1BHoro c11M6J.rn3a 

MeJK.uy opraHH3MaMH, CHHTe3HPYIOllll1MH opraHHKY 113 yrneKl1CJIOro ra3a, H 

IIOTpe611TeJIHMH 3TOH opraHl1KH. <l>oTOCl1HTe311py10U111e opraHH3Mbl (paCTeHH», 

O.UHOKJieToqHb!e 3yKap110Thl, UHaH06aKTep1111) H 6aKTep1111-XeMOCHHTeTHKl1, 

HCTIOJib3Y!OW.He .UJJ» cp11Kcau1111 C02 3Heprn!O OKHCJJeHl1» HeopraHH4eCKl1X 

semecrn ( ceposo.uopo.ua, MeTaHa), nocTaBJJ»IOT roTosyro K ynoTpe6JJeH1110 

opraHHKY lKHBOTHb!M. ll111poKO pacnpocTpaHeHbl Cl1M6H03bl accou11au11ii 

M11UeJil1» rp116a e KOpH»MH BbICllIHX pacTeHHH - MHKOpH3hl (»BJJeHHe Brrep

Bble 6h1JI0 orr11caHo et>. M. KaMeHCKHM B 1879-1881 rr.). B Koa.uamau1111 

pacTeHHH-MHK03hl CO CTOpOHbl Bh!CWHX paCTeHHH yqacTBYIOT Bee roJJoce

MeHHhie, OKOJIO 70 % O.UHO.UOJibHh!X H . 80-90 % .llBY.llOJJbHb!X . fp116 IIOJiyqaeT 

OT ;:tepesa yrneBO.llhl, 3MHHOKl1CJI0Tbl H cpHTOropMOHbl, a caM a.uann1pyeT .umi 

scachrnamui paCTeHHeM MHHepaJihHhie semecTBa, npelK.ue scero coe.u11HeH11» 

cpoccpopa. KpoMe rnro, rp116 06ecrreq110aeT .uepeso 60Jib11Ieif rrosepxHOCTh!O 

BC3Cb!B3Hm! (3a cqeT cpopMHpOB3HH» HHTeBl1.llHh!MH o6pa30B3HHHMH rp116a 

IIJIOTHOH pa3BeTBJJeHHOH ceTH Ha rro0epxHOCTl1 H BHYTPH KOpHeBOH Cl1CTeMbl 

pacTeH11ii), qTo oco6eHHO B3lKHO B ycJIOBl1HX o6e.ueHHblX Heo6XO.lll1MblMl1 

3JieMeHTaM11 rroqs. 

B pe3yJihT3Te CHM6H03a MHOr11x BO.UHblX opraHl13MOB, oco6eHHO M3JJO

IIO.llBl1lKHblX (K1111Iel!HOIIOJJOCTHblX, ry6oK, acu11.u11ii, HeKOTOpb!X qepseii 11 

MOJJJIIOCKOB) e 3BTOTPOcpaMH C03.ll3JOTC» CHM6110T11qecK11e CHCTeMhl, COl!eTa!0-

11111e npH3HaKH paCTeHHH H lKHBOTHh!X (Harrp11Mep, KOpaJIJJOBb!e IIOJJHTibl). AB

TOTPOcpbl CHa6JKa!OT 3TH opraHH3Mbl opraHl1KOH, IIOJJyqeHHOH B pe3yJJhTaTe 

cpOTO- HJil1 xeMOCHHTe3a, a caMH TIOMOra!OT opraHH3MaM 1136aBAATbCH OT KO-
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y no.uaBmuomero 60Jihllil1HCTBa pacT11TeJJhHO.H.[(HhlX lKl1BOTHhIX OTC)'TCTBY

IOT <f>epMeHThl M.H pacmenJieHl1.H paCTl1TeJJhHhlX IlOJJl1MepoB (rnaBHhlM 113 KOTO

phlX »BAAeTc» ueJIJJJOJJ03a). ITo3TOMY npaKrn"!eCKl1 BCe lKl1BOTHhie-qrnrn<f>arn -

3TO Ha caMOM .uene Cl1M6110Tl1'!eCK11e KOMnJieKChl, COCTO»m11e 113 lKl1BOTHOro

X03.Hl1Ha 11 pa3HOo6pa3HhlX 6aKTep11ì1, rp1160B 11JJl1 npocTeHWl1X (np11"!eM npo

CTeì1w11e 3aqaCTYJO caM11 11MeJOT 6aKTep11anhHhIX c11M6110HTOB). Ho poIIh c11M611-

0HTOB He CBO.U11TC.H Jil1llih K pacmenJieHl1JO paCTl1TeJihHhlX IlOJil1MepoB, OHl1 TaKlKe 

cnoco6Hhl )'Tl1JJl1311poBaTh npO.UYKThl a30THOro MeTa60JJl13Ma 11 Cl1HTe311poBaTh 

MHOr11e BemeCTBa, OTC)'TCTBYJOll\11e B paCTl1TeJJhHOH n11me, HO Heo6XO,ll11Mhle )!(11-

BOTHhJM. HeKOTOphle 6110Xl1MJ14eCKl1e npoueCChl B TaKl1X Koa.uanTl1BHhlX Cl1CTe

MaX OKa3hIBaJOTC» "leTKO l1HTerp11poBaHHhJM11. Hanp11Mep, B c11cTeMe <<rJI» -

6aKTep11» Buchnera» BaJKHeìiwee BemecTBo KocpepMeHT A (MoJieKyJJhI tte6eJJKO

BOH np11po,llh1, KOTOph1e, cneu11<f>w-1eCKl1 coe.u11H»»Ch c COOTBeTCTByJOml1Ml1 6eJJ

KaM11 - ano<f>epMeHTaMl1, o6pa3yJOT 6110JIOrH'!eCKl1 aKTHBHyJO MOJJeKYJIY cpep

MeHTa) COBMeCTHO Cl1HTe3ttpyeTc.H Cl1M6110HTaMH: Ha nepBOM 3Tane 6aKTep11» 

C11HTe311pyeT 113 n11pysarn (KoHe'!HOro npo.llYKTa MeTa60JJ113Ma rnJOK03hI B npo

uecce rJJl1KOJil13a) naHTOTeHaT (naHTOTeHOBa.H KHCJIOTa), Ha BTOpOM :nane TAA 

Cl1HTe311pyeT H3 naHTOTeHaTa KO<f>epMeHT A, a pe3yJihTaT CHHTe3a HCilOJih3YeTC.H 

CHM6HOHTaMl1 BMeCTe [56, 57). 
lhBeCTHhl TaKJKe MHOrO'!HCJJeHHhie np11Mephl Koa.uanTHBHOrO CHM61103a 

MelK.UY opraH113MaM11, CHHTe311py10m11M11 opraH11Ky H3 yrneKttcnoro ra3a , 11 

noTpe6ttTeJI.HMl1 3TOH opraHHKl1 . <l>OTOCl1HTe311py10m11e opraHl13Mhl (pacTeHl1.H, 

0,llHOKJieTO"!Hbie 3yKapHOThl, uttatto6aKTep1111) 11 6aKTepH11-XeMOCl1HTeTl1KH, 

11cnonh3y10mtte .un» cp11Kcau1111 C02 3 Hepr1110 OKHCJJeHH» Heopratt11'!eCK11x 

BemecTB (cepoBo.uopo.ua, MeTaHa), nocTaBJI.HJOT r 0Tosy10 K yn0Tpe6nett1110 

opraHHKY lKl1BOTHhlM. llll1poKO pacnpocTpatteHbl Cl1M61103hl accouHaUHH 

MHUeJil1.H rp116a c KOpH.HMH BhICWHX pacTeHl1H - Ml1K0p113hl (»BJieHHe snep

Bb!e 6brno on11catto <D. M. KaMeHCKHM B 1879-1881 rr. ). B Koa.uamau1111 

pacTeHl1.H-Ml1K03hl CO CTOpOHhl Bh!CWHX pacTeHHH yqacTBYJOT sce ronoce 

MeHHble, OKOJIO 70 % 0,llHO,llOJihHh!X H 80-90 % .UBY.UOJihHhlX. 1p116 nonyqa eT 

OT ,tiepesa yrneBO.UhI, aMl1HOKl1CJIOThl H <f>11ToropMOHhl, a caM a.uanT11pyeT ,llJI.H 

scacbrnaHH». pacTeHHeM M11ttepaJihHh1e semecTsa, npelK.ue acero coe.u11HeH11» 

<f>oc<f>opa. KpoMe rnro, rptt6 o6ecne'!HBaeT .uepeBo 60JihWeì1 nosepxHOCThJO 

BCaCbJBaHH.H (3a C'!eT <f>opM11posaH11.H Hl1TeBl1,llHhlMl1 o6pa30BaHH.HMH rp116a 

nnoTHOH pa3seTBJieHHOH ceni Ha nosepxHOCTl1 11 BHYTPl1 KOpHeBoìi c11cTeMhI 

pacTeH11H), '!TO oco6eHHO BalKHO B ycJIOBl1.HX o6e.ueHHh!X He06XO,lll1MhlM11 

:meMeHTaM11 IlO'!B. 

B pe3yJihTaTe Cl1M61103a MHOr11x BO,llHh!X opraHl13MOB, oco6eHHO MaJJO

IlO,llBHlKHhlX (K11We'!HOilOJIOCTHhlX, ry6oK, acu11.u11ì1, HeKOTOpb!X qepBeH 11 

MOJJJIIOCKOB) c aBTorpocpaMH C03,llaJOTC.H Cl1M6110Tl1'!eCKHe Cl1CTeMbl, CO'leTaJO

ll(He np113HaKH pacTett11ì1 H lKl1BOTHhIX (Hanp11Mep, KopaJIJJOBhJe non11nh1). AB

TOrpo<f>hI CHa6lKaJOT 3TH opraHH3Mhl opraHl1KOH, nonyqeHHOH B pe3yJihTaTe 

cpOTO- 11JIH xeMOCHHTe3a, a caMH IlOMOraJOT opraHH3MaM 1136aBJJ.HThC.H OT KO-
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He'IHhIX npO)J.)'KTOB a30THOro o6MeHa (HanpHMep, MO'leBOH KHCllOTbl HllH MO

'leBHHbl) H, B Ka'leCTBe <<nnaThI 3a ycnyrm>, nony'laIOT ueHHhIH a30T. 

CaMaJ! 1aBHCHMaJ1 qiopMa MyTyanH3Ma - o6HTaHHe OiJ.HOro opraHH3Ma 

(BHpycos H 6aKTepHì1) BHYTPH Apyroro. Knonhr ceMeìicTBa Plataspidae He MO

fYT )!(J.!Th 6e3 oco6h1x CHM6HOTH'leCKHX 6aKTepHH lshikawaella, o6HTaIOIUHX B 

HX KHIUe'IHHKe. CaMKa Plataspidae OTKna)J.hJBaeT BMecTe e jjHUaMH Kancynhr, 

co.n:ep)!(aJUHe 6aKTepHH. BhlnynHBIImecJ! nH'IHHKH noe.n:a10T KancynhI, H 6aKTe

pHH nona)J.aIOT B 3a.n:HHH OT)J.en cpe.n:tteìi KHIUKH . .[{anee cpe.n:Hjjjj KHIUKa nepe

)!(HMaeTCjj nocepeAHHe, B pe3ynhTaTe qero nepe)J.Hjjjj qacTh nHmesapHTenhHOH 

cHcTeMhI npespamaeTCjj B «cnenoìi» MeIUOK. IIHma rrepecrneT nocTyrraTh B 3a

ceneHHYIO 6aKTepHjjMJ.I 'laCTh KHille'IHHKa, a OTXO.!J:hl )!(J.13He.n:ej!TenhHOCTH BhI

BO.!J:jjTCjj H3 nonOCTH Tena npH noMOIUH ManhnHrHeBhIX cocy)J.OB - opraHOB, 

BhIITOllHJ!IOIUHX <l>YHKUHIO BhI.D:eneHJ.ljj H OCMOperynjjUJ.IH y pjj.n:a Ha3eMHhIX 

qneHHCTOHOfHX, rrpj!MO B 3a)J,HIOIO KHIUKy. 3a.n:Hjjjj )!(e 'laCTh cpe.n:Heìi KHIUKH 

IUHTHHKOB cn~HT MeCTOM pa3MHO)!(eHHjj 6aKTepHH. l>aKTepHH o6ecne'IHBaIOT 

KnOnOB He06XO)J,HMhlMH nHTaTenhHhIMH semecTBaMH, no3TOMY OTCYTCTBHe 

CHM6HOTH'leCKHX Kancyn B Kna.n:Ke npHBO.D:HT K pe3KOMY ysenH'leHHIO CMepT

HOCTH nH'IHHOK H 3aMe.n:neHHIO HX pocTa. 3BOllIOUHjj 3THX CHM6HOHTOB npOHC

xo.n:ttna CHHXpOHHO: B03HHKHOBeHHe HOBOro BH.n:a Knona BCer)J,a conpOBO)!(.!J:a

noch nOjjBlleHHeM HOBOH pa3HOBH)J.HOCTH 6aKTepHH. I>onee Toro, HeCMOTpjj Ha 

TO 'ITO 6aKTepHH )!(HBYT B nonocTH KHIUe'IHHKa, a He BHYTPH KneTOK, y HHX 

o6ttap~eHa xapaKTepHaJ! qeprn BHYTPHKneTO'IHhIX CHM6HOHTOB - npeo6na

.n:aHHe B reHOMe, pa3Mep KOTOporo COCTaBnjjeT nopjj)J.Ka 0,8 MnH nap OCHOBa

HHH, ttyKneoTH.D:OB A H T [58]. Y o6hI'IHhIX KHIUe'IHhIX 6aKTepHì1, TaKHX KaK 

KHIUe'IHM nanO'IKa E.coli, reHOM o6bI'IHO B HeCKOllhKO pa3 6onhIUe, a reHOMhl 

CTOJih Manoro pa3Mepa xapaKTeptthI .!J:Jijj BHYTPHKJieTO'IHhIX CHM6HOHTOB 

CttM6Ho3 opraHH3MOB MO)!(eT HHBeJittpoBaTh TeMnepaTypHhIH <t>aKTop 

cpe.n:hL YcTOH'IHBOCTh Tneìi K BhICOKHM TeMnepaTypaM onpe)J.em1eTCjj reHeTH

qecKHMH oco6eHHOCTJIMH HX CHM6HOHTOB - 6aKTepHH Buchnera, CHHTe3H

PYIOIUHX iJ.lljj Tneìi aMHHOKHCnOThI, BHTaMHHhI H .n:pyrtte semecTsa. 3a neptto)J. 

)!(H3HeHHOfO UHKJia TJIH B ee KneTKax CMeHjjeTCjj HeCKOJihKO nOKOJieHHH Buch
nera. A nocKOJihKY B pe3yJihTaTe MYTaUHH H OT6opa retto<l>ott.n: 6aKTepttì1 Me

m1eTCjj, 6aKTepHH noTOMKOB reHeTH'leCKH MoryT cymeCTBeHHO OTJIH'laTCjj OT 

po.n:ttTeJihCKHX. B HOpMe 6enoK 6aKTepttìi, KO.D:HpyeMhIH reHOM «Tennosoro 

IUOKa» - ibpA, noMoraeT BhI)J.ep)!(aTh Tne rreperpeBaHHe, a y MyTaHTOB npH 

neperpese 3TOT reH tte aKTHBHpyeTCjj. Ho nocKOJihKY B xo.n:e 3son10uttH c03.n:a

IOTCjj c6anaHCHposaHHhie CHCTeMhl, TJIH e MyTaHTHhlMH 6aKTepHjjMH npH no

HH)!(eHHhIX TeMnepaTypax 6hICTpee pa3MHO)!(aJOTCjj. B 3aBHCHMOCTH OT KnHMa

TH'leCKHX ycnOBHH H speMeHH fO)J,a HanpasJieHHe OT6opa B nonyJijjUJ.ljjX rneìi 

MO)!(eT MeHj!ThCjj, s pe3yJihTaTe qero noJiyqa10T npeHMymecTBa MYTaHThI H 

HOpManhHhie TnH, H o6a reHeTH'leCKHX sapHaHTa paBHOUeHHO coxpaHjjJOTCjj B 

npttpOiJ.HhIX norryJijjUJ.ljjX. 3TOMY CHM6Ho3y ~e 6onee l 00 MJIH neT. 3a 3TO 

speMjj Buchnera rroTepjjJia crroco6ttocTh K peKoM6HHaUHH (o6MeHy rettaMH e 

.n:pyrHMH 6aKTepHjjMH), ee reHOM CHJihHO COKpaTHJICjj H noTepjjJI rrnaCTH'I-
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HOCTb, qTo CHH3HJIO npHcnoco6HTeJibHbJe cnoco6HOCTH 6aKTepHH. IlpHqHHa 

3TOH reHeTHqecKOH .uerpa.uaUHH KpOeTC.H B .UJIHTeJihHOCTH OTHOCHTeJibHO no

CTO.HHHbIX ycJIOBHH o6HTaHH.H. 0TcyTcTBHe Heo6xo.uHMhIX opraHH3MY TPY.llHO

CTett .UJI.H 3Q><peKTHBHOH 3BOJIIOUHH CHH3HJIO B03MO)J(H0CTH caMoro opraHH3Ma. 

B pe3yJihTaTe nocTeneHHO 6aKTepHH CTaJIH oqeHb socnpHHMlfHBhI K oqeHb BhI

coKHM TeMnepaTypaM, qTO cy3HJIO HX noTeHQHaJibHbIH apeaJI [59]. 

Tpasa Dichanthelium lanuginosum, pacryma.H Ha rop.HlfHX reoTepMaJib

HhIX noqsax B HeJIJioycTOHCKOM HaUHOHaJihHOM napKe, TaK)J(e o6.H3aHa csoett 

TepMoycToHqHBOCTblO CHM6HOHTY - npOH3pacTalOmeMy B TKaH.HX pacTeHH.H 

rptt6y Curvularia protuberata. Jl106onhITHO, lfTO nopo3Hh OHH He Bh!HOC.HT ne

perpesa, H TIOMoraeT HM npOTHBOCTO.HTb Bb!COKHM TeMnepaTYPaM TPeTHH ylfa

CTHHK CHM6Ho3a - PHK-co.uep)J(alllHH sttpyc, o6HTalOJUHH B KJieTKax rptt6a. 

fpH6 noMoraeT Tpase OCB060)J(.UaTbC.H OT no60lfHbIX npo.uyKTOB peaKUHH pac

TeHH.H Ha CTPeCC - aKTHBHbIX <l>opM KHCJIOpo.ua (Acl>K), a pacTeHHe .uaeT eMy 

KpOB H IlHl.l..IY [60). 
}lHor.ua Ha nepBbIH B3rJI.H.ll Ka)J(eTC.H, qTO nepe.u HaMH 6HOTHqecKHe OTHO

rneHH.H THTia «XHl.l..IHHK - )J(epTBa», HO npH Tl.llaTeJihHOM attaJIH3e OHH OKa3bl

BalOTC.H CHM6H030M. HecKOJihKO BH.UOB )J(aJI.Hl.l..IHX MypasbeB (KaK npaBHJIO, 3TO 

BH.ll Crematogaster mimosae), 3aceJIH10I.1..1HX aKaUHH Acacia drepanolobium B 

KeHHHCK11X caBaHHax, KOa.uanTHBHO B3aHMO.UeHCTBYIOT e 3THM11 pacTeHH.HMH . 

MypaBb11 3a1.1..1ttma10T aKaUH11 OT pacT11TeJibHO.H.UHhIX )J(HBOTHhIX (KaK HaceKo

MhlX, TaK H MJieKoneTalOIUHX), a B3aMeH noJiylfalOT TIHIUY - 3KCTPa<l>JiopaJib

HblH (BHeuseTKOBbIH) HeKTap, BbI.UeJI.HeMhIH )J(eJie3aM11 MOJIO.UblX CTe6JieH aKa

U11H, H Kpos. KpoMe Toro, 0H11 pa3BO.U.HT 11 3al.l..IHl.llalOT «<l>epMbI» lllHTOBOK, Ko

TOpb1e IlblOT COK aKau1111 H MOfYT pa3HOCHTb 6oJie3H11 (T. e. BbICTYflalOT B 

KalfeCTBe napa3HTOB no OTHOIIIeHHIO K pacTeHHIO ), HO He06XO.UHMbl MypaBh.HM B 

KalfeCTBe nocTaBl.l..IHKOB nHTaTeJibHbIX 3KCKpeMeHTOB, co.uep)J(al.l..IHX MHOro yr

JieBO.UOB (Koa.uanrnuttn). EcJIH y.uaJIHTh H3 coo6mecTBa KpynHhIX MJieKonH

Taromttx, mnalOIUHXC.H aKauHeH, .uepeBb.H HalfHHalOT 3KOHOMHTb HeKTap H pe)J(e 

o6pa3ylOT B3.UYTH.H B OCHOBaHHH IIIHilOB, KOTOpbie cJJy)J(aT MypaBh.HM KpOBOM . 

B pe3yJihTaTe pa3pbrna TPO<l>ttqecKott uenH Ha CMeHy MypaBh.HM-CHM6HOHTaM 

npHX0.11.HT ;npyrtte MeHee .up~eCTBeHHbJe BH.llbl H .upyrtte Bpe.UHbJe HaceKOMbJe, 

H, CJie.UOBaTeJihHO, <t>opMHpyeTC.H .upyrott THTI OTHOllleHHH [ 61]. 
IlpHMepoM npOTOKOonepaUHH MO)J(eT C~HTh ceJihCKOX03.HHCTBeHHa.H .ue.si

TeJJhHOCTh qeJJOBeKa, BhipamHBaHHe MypaBh.HMH rptt60B H «COI03» Kpa6os e KH

lllelfHOnOJIOCHbIMH (KOTOphie, npHKpenJI.H.HCh K Kpa6aM, nornomalOT OCTIITKH HX 

nHIU11 H HCilOJib3YIOT HX B Kalfecrne TPaHCilOPTHhIX cpe.UCTB, H B .uonOJJHeH11e K 

3TOMY 3amttmaIOT «X03.HeB» CBOHMH CTPeKaTeJJhHhIM11 KJieTKaM11) . .DttonornlfecKHe 

napTHephl (rptt6b1 11 MypaBhH, Kpa6bJ 11 KHllJelfHOilOJIOCHhJe) B 3aBHCHMOCTH OT yc

JJOBHH MOfYT cymecTBOBaTh KaK B3aHMOilOJie3HO, TaK H caMOCTO.HTeJibHO. 

2. KoMMeHCGflU3M - THn B3aHMOOTHOll1eHHH, noJJe3HhIX .LlJI.H O.UHOH cTo

pOHhI H 6e3pa3JIHlfHhIX .UJI.H .upyrott. IlpHMepoM MoryT CJJY)J(HTh 6o60Bhie (Ha

npHMep, KJieBep) H 3JiaKH, COBMeCTHO npOH3pacTalOIUHe Ha IlOlfBaX, 6e.UHhJX 
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.UOCTYIIHbIMl1 coe.u11HeHmlMl1 a30Ta, HO 6oraTbIX coe.u1rneHl1JIMl1 Kan11JI 11 cpoc

cpopa. Ecn11 3naK11 He rro.uasmnoT 606osb1e, TO rrocne.uH11e 06ecrre<rnsa10T 3na

K11 .uorronHl1TeJibHbIM KOJil1'leCTBOM a30Ta, HO Jll1illb .uo Tex rrop, IIOKa IIO'!Ba 

6e.utta a30TOM 11 3naK11 He MoryT c11nbHO pa3pacTaTbCJI. Ecn11 :>Ke, s pe3ynhTaTe 

aKTl1BHOH pa60Tbl a30Tcp11KC11py10lUl1X Kny6eHbKOBbIX 6aKTep11ì1 pa3p0Cll111XC}I 

6o60BbIX, B IIO'lBe HaKarrn11saeTCjj .UOCTaTO'lHOe KOJil1'leCTBO .UOCTYIIHbIX )lJljj 

pacTeH11ì1 coe.u11HeH11ì1 a30Ta, )TOT Tl1II B3al1MOOTHOilleH11ll CMeH}leTCjj KOHKy

peH1.111eì1. A pe3ynhTaTOM, KaK rrpas11no, }!Bn}leTCjj rronHoe 11n11 'laCTl1'lHOe BbI

TeCHeH11e MeHee KOHKypeHTOCIIOC06HblX 6o60BbIX 113 cp11TOUeH03a. 

LJ:pyroì1 sap11aHT KOMMeHCaJil13Ma: O.UHOCTOpOHHjjjj IIOMOlllb pacTeHl1Jl-((HJIHl1» 

.upyroMy pacTeH1110. TaK, 6epe3a 11n11 onhxa 3am11ma10T MOJIO.Ubie en11 oT rrp}!MbIX 

conHe'lHbIX nyqeì1. KaK rrpas11no, B3pocnajj enb Ha'l11HaeT secT11 ce6jj KaK O'leHb 

CHnbHbltt KOHKypeHT 11 rro.uaBJijjeT CB011X ((H}!Hb». B TaKHX :>Ke OTHOilleHl1JIX co

CTO}IT 3acyxoycTOH'll1Bbie KYCTapH11Kl1 (113 ceMettCTB jjCHOTKOBblX 11 aCTPOBbIX) 11 

KaKTyCbI s IO:>KHoì1 AMep11Ke. 06na.uajj oco6b1M T11rroM cjlornc11HTe3a (rrpoTeKaeT 

.UHeM rrp11 3aKpb!TbIX YCTbHUax), MOnO)lb!e KaKTyCbl Cl1JlbHO rreperpesalOTCjj 11 

CTPa.UalOT OT IIp}IMOro COJIHe'lHOro csern, II03TOMY 11X TIOJIHOUeHHOe pa3Bl1T11e 

B03MO:>KHO TOJibKO B TeH11 3acyxoycTOtt'll1Bb!X KYCTapH11KOB. 

3. AMeHCQJlU3M - Tl1TI B3al1MOOTHOilleH11ì1, rrp11 KOTOpOM O.U11H 611.ll (aMeH

can) npeTepnesaeT yrHeTeH11e cpyHKLlHtt :>Kl13He.UeJI.uejjTenbHOCT11, a BTopoì1 

(l1Hr11611Top) TaK11M 113MeHeHl1JIM He rro.usep:>KeH . AMeHcan113M rn11p0Ko pac

npocTPaHeH B M11pe pacTeHHtt, r.ue l1Hrn611pylOlUl1M cpaKTOpOM JIBJijjeTC}I nw6o 

OTpwuaTenbHOe cpe.uoo6pa30BaH11e ( O.UHOCTOpOHHee 11Jll1, pe:>Ke, B3al1MHOe ), 

nl16o BbI.UeneH11e HHr11611TopoM s 0Kpy:>Ka10my10 cpe.uy semecTB, 0Tp11L(aTenb

HO so3.ueì1cTBy10m11x Ha pacTeH11e-aMeHcan (annenonaT11JI). ITpwMepoM o.utto

cTopoHHero 0Tpm1aTenbHOro cpe.uoo6pa3osaHHJI MO:>KeT cny:>Kl1Tb BJil1}1H11e .ue

pesbeB-.UOMHHaHTOB Ha 611.Ubl TpaB 11 MXOB, rrp0113paCTalOlU11e B Hl1:>KHl1X jjpy

cax. ITo.u KpoHoì1 .uepesbeB YMeHbrnaeTCJI ocsemeHHOCTb 11 noBbirnaeTcJI 

BJia:>KHOCTb B03.Uyxa, a B pe3ynbTaTe pa3JIO:>KeHl1jj onasurnx Jll1CTbeB TIO'lBbl 

o6e.UHJIIOTC}I, IIOCKOJlbKY rrpH )TOM o6pa3yIOTCJI Kl1CJI0Tbl , cnoco6cTBYIOlUl1e 

BbIMb!BaHHIO )JieMeHTOB MHHepanbHOro IIl1TaHl1}1 srny6b IIO'!BeHHOro CJIQjj (Ta

KHM 3Ha'll1TeJibHbIM cpe.uoo6pa3yl0ll!11M B11.UOM jjBJIJieTCjj enb). 

4. Ilapa3umU3M - aHTarGHl1CTl1'leCKl1tt Bl1.U cocymecTBOBaHHJI opraHl13-

MOB, He CBJI3aHHb!X Me:>K.uy co6oì1 qmnoreHeTl1'leCKl1, pa3HOpO.UHbIX reHeT11'le

CKl1 11 cocymecTsy10m11x B Te'leH11e npo.uom1mTenbHoro nep110.ua speMeH11. 

<l>opMbl napa311Tl13Ma 11 · CBJI3aHHb!e e )Tl1M B3al1MHbie a.uanTau1111 rrapa311TOB 11 

11X X03JieB qpe3BbI'lattHO MHOroo6pa3Hbl, 11 OCHOBHblMl1 cpopMaMH }!Bn}llOTC}I : 

3Kmonapa3umu3J11 - rrapa311T 0611rneT Ha Tene X03}111Ha (Knem11, 6nox11 11 .up.) 

l1 3HiJonapa3umu3M - napa3l:IT :>K11BeT B Tene X03}111Ha (napa311T11'lecn1e qep

Bl1, rrpOCTettll111e 11 .Up.). fio CTerreHl1 rrnOTHOCTl1 CB}l3ett napa3HTa 11 X03}111Ha 

BbI.UeJIJIIOT: 06J1uzamHbIU napa3umu3M (napa311T cnoco6eH :>Kl1Tb TOJibKO 3a c'!eT 

xo3Jil1Ha) 11 r/JaK)l!lbmamueHbiu (napa311T, KaK rrpas11no, se.ueT cso6o.uHhitt o6pa3 

)Kl:l3Hl1 11 Jll1illb np11 oco6b!X ycnOBl1}1X nepeXO.U11T K napa311Tl1'leCKOMY cymecT-
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BOBamuo ). Ilo npO.UOJDKHTeJibHOCTH CBHJH e XOJHHHOM napaJHTbl .ueJIHTCH Ha 

ITOCTOHHHbIX H BpeMeHHb!X. CymecTBYIOT TaJOKe pa3JIH'IHbie cpopMbl «COUH

aJibHOro napa3HTH3Ma» (ttanpHMep, HeKOTOphle BH.Ubl pb16, ITTHU H HaCeKOMbIX 

ITO.llKH,Ub!BaIOT CBOH HHUa .upyrHM )!(HBOTHb!M). 

Tiepexo.u K napaJHTH'IeCKOMY o6paJy )!(HJHH 06b1qHo conpOBO)!(,UaeTCH .ue

reHepauHett: YTPaqHsaIOTCH opraHbI muuesapeHHH, TepHeTCH no.UBH)!(HOCTh, 

HJMeHHeTCH cpopMa Tena. )1.JI51 napaJHTOB xapaKTeptta oqeHb 60JibllJaH CMepT

HOCTb H, cne.uosaTeJibHO, 60JibllJaH nJIO.UOBHTOCTb (nopoì1 MHJIJIHOHbl oco6eì1 B 

ro.u). K napaJHTaM OTHOCHTCH MHOrHe 6oJie3HeTBOpHbie 6aKTepHH
0 

H npoCTeH

IlJHe, HeKOTOpb!e rptt6b!, BbIOIUHeCH JIHaHbl, napaJHTH'IeCKHe cpopMbl HMeIOTCH 

H cpe.uH npencTaBHTeneì1 6oJiblliHHCTBa THITOB )!(HBOTHhIX. CTeneHb BHpyneHT

HOCTH napaJHTa JaBHCHT OT a.uanTHpOBaHHOCTH XOJHHHa K npHCYTCTBHIO napa-

3HTa H napaJHTa K JaIUHTHOì1 TaKTHKe XOJHHHa. Ecm1 xoJHHH npHo6pen B xo.ue 

3BOJllOUHH :icpcpeKTHBHbJe Mepbl JaIUHTbl, napaJHTa 0)!(H,Ua!OT cepbe3Hble Ja

TPY.llHeHHH B peJyJihTaTe aTaKH, B npoTHBHOM cnyqae 6onee ananTHposaHHbIM 

HBJIHeTCH napaJHT. TaK, noqseHHhJe 6aKTepHocparH 6bICTPee Bb1pa6aTb1BaIOT 

cnoco6b! HHcpHUHposamrn, qeM 6aKTepHH HaXO.UHT cnoco6bI JaJUHTbl OT HHX. 

'.:ho o6'bHCH51eTCH 60JibWdi reHeTHqeCKOH nJiaCTHqHOCTblO 6aKTepHocparoB H HX 

66JihllJHM reHeTHqecKHM pa3Hoo6paJHeM no cpaBHeHHIO e 6aKTepHHMH [62]. 
I1apa3HTbl MOfYT HCI10Jlb30BaTb caMble HJOIUpeHHble cnoco6hl .UOCTH)!(e

HHH uenH. TaK, 6aKTepHHM po.ua Wolbachia, o6HTaIOIUHM B KJieTKax 6oJihllJOro 

qHcJia HaJeMHblX 6ecnoJBOHOqHb!X (.UBYKPbIJibIX, npHMOKpbIJibIX, nepenoHqa

TOKpbIJiblX, KJieiueì1 H .up.), qaCTO ynaeTCH 3apa3HTb .uo 100 % HHIJ. K OCHOB

Hb!M cnoco6aM BOJ.Ueì1cTBHH Wolbachia, onpe.uenHeMbI M IlJTaMMOM 6aKTepHH H 

reHOTHITOM XOJHHHa, OTHOCHTCH cne.uyIOIUHe [63,64]: 

I . QHTOnJiaJMaTHqecKaH ttecosMeCTHMOCTb (ttaH6onee lliHpOKO pacnpocTpa

HeHHhIH THn): npH CKpeIUHBaHHH Japa)!(eHHbIX caMuOB e HeJapa)!(eHHb!MH 

caMKaMH 3M6pHOHbl rH6HyT Ha paHHHX CTa,UHHX pa3BHTH51. 

2. Tiepexo.u K nainettoreHeTHqecKOMY p83MHO)!(eHHIO y HeKOTOpblX qJieHH

CTOHOrHX (nepenottqaroKphIJihIX, TPHncos, HoroxsocroK H KJieiudi). B HOpMe 

y HHX H3 HeonJIO,UOTBOpeHHb!X HHU pa3BHBaIOTCH caMUbl, a H3 OITJIO,UOTBO

peHHblX - caMKH. A B peJyJihTaTe BMernaTeJibCTBa 6aKTepHH B npouecc 

OHTOfeHeJa HapywaeTCH HOpMaJibHb!H UHKJI pa3BHTHH HaceKOMOro: Kor.ua 

Heonno.uornopettHoe »iluo scrynaeT B cpaJy nepsHqHoro MHTOJa, Wolba
chia ocrnHaBJIHBaeT 3TOT npouecc B aHacpaJe (T. e . Kor.ua xpoMOCOMbI ~e 

y.usoHJIHCh, a .uoqepHHe ».ttpa eme He pa3,UeJIHJIHcb) . 51ì1uo crnHOBHTCH 

.UHITJIOH,UHbIM, H H3 Hero pa3BHBaeTCH caMKa. 

3. PocT qHcneHHOCTH caMOK B nonyn»uHH (y tteKoTopbIX 6a6oqeK H MOKpHu) 

ITYTeM BOJ,UeHCTBHH 6aKTepHH Ha CHCTeMy Bb1pa60TKH att.uporeHHOfO 

ropMOHa: npH HaJIHqHH ropMOHa H3 3M6pHOHa pa3BHBaeTCH caMeu, a npH 

OTCYTCTBHH - caMKa. I>aKTepHHM BbirO,UHO C.UBHraTb COOTHOilJeHHe ITOJIOB 

B nonyJIHUHH X03HeB B CTOpOHY npeo6na.uaHHH caMOK, ITOCKOJibKY Wolba-
chia He MO)!(eT nepe.uasaTbCH CO cnepMaTOJOH,UaMH. . 
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4 . rH6eJlb MYJKCKHX 3M6pttOHOB HacrynaeT J!Hlllh B TOM cnyqae, eCJIH 'IHC

JleHHOCTh Wolbachia B »ì1ue .uocTttraeT noporoBoro ypoBHH. 

HMeIOTCH B npttpo.ue H cnyqatt, Kor.ua opraHtt3MhI co'!eTaIOT pa3Hhie <Pop

Mhl Cl1M6tt03a. rny60KOBO)lHhle '!epBH BeCTHMeHTH<l>ephl MOryT cymeCTBOBaTh 

TOJlhKO B CHM6tt03e e aBTOTpo<PHhIMl1 6aKTepttHMH, KOTOphle npOH3BO)lHT opra

HH'leCKOe BemecrBo H3 C02 nocpe.ucrBoM peaKuttw OK11cneH11» cepoBo.uopo.ua 

H2S. BecrnMeHrn<PephI - 3TO KpynHhle (ttHor.ua .uo .UByx MeTpOB B .UJJHHY) 

qepBH, Be.uymwe rrp11KpenneHHhIH o6pa3 )l(lf3HH H o6hI'IHO o6pa3y10mtte rrnoT

Hhie cKonneHHH oco6eì1, H, IIO)l(anyì1, caMhJe H3BeCTHhie o6ttrarenw rw.uporep

MaJJhHhIX 3Koc11creM oKeaHtt'lecKoro .UHa. I>onhlllYIO '!aCTh BHYTPH 11x opra

HH3Ma 3aHHMaeT crreuttaJlhHhIH opraH - Tpo<PocoMa, B KJleTKax KOTOpoì1 H 

)l(HByT CttM6110TH'leCKtte 6aKTeptttt. CHa'!ana 6aKTeptttt ocBa11BaIOT JJl1'111HKH, 

rrpOHHKaH '!epe3 HX KO)l(HbJe noKpOBbl, a 3aTeM IIOCTerreHHO rrpOHHKalOT B yqa

CTOK Me3o.uepMbl Me)l(.uy CIIHHHhlM KpOBeHOCHhlM cocy.uoM 11 rrepe.UHHM KH

llle'IHl1KOM. 3.uech H Ha'IHHaeT pa3BHBaTbCH HOBhlH opraH - rpo<PocoMa. Ilptt 

3TOM H)leT pa3pYllleHHe TKaHeH, KOTOphie 6hJJIH 3arpOHYTbl rrptt rrpOHHKHOBe

HHH CHM6HOHTOB, KHllle'IHHKa H .upyrttx opraHOB, CJl)'JKHBlllHX TOJlbKO JIH'IHH

Ke, - arronro3. TaKHM o6pa30M, 6aKTeptttt-rrapa3ttThl 3aMeH11J111 MOpCKOMY 

'!epBIO opraHhI rrmueBapeHHH H BhI.UeJJeHHH [65]. KaK B11.llHM, np11Be.ueHHhlH 

IIpHM\!P HeJJh3H OTHeCTH K l 00% -My rrapa3HTH3My. C 0,[\HOH CTOpOHhl, rrepeA 

HaMH HBHhJe IIp113HaKH .uerpa.uauHH - pa3pYllleHHe CHCTeMhl nwmeBapeHml, a 

e .upyroì1 CTOpOHhl , 6aKTepttH CTaJJH Heo6XO)lHMOH 'laCThlO 3TOH Cl1CTeMbl. 

MypaBhtt-nttcTope3bI H )l(yKtt-ny6oe.uh1 Dendroctonus frontalis pa3BO.llHT 

rrnaHTauww rptt6oB - «arpocttM61103hI». l1 Ka)l()lhIH pa3 11MeeTCH csoì1 rrapa3HT 

H CBOH «cnacaTeJJh». MypaBbHM MelllaeT crreuttanH3HpOBaHHhIH rrapa3HT -

acKOMHUeTOBhIH rptt6oK Escovopsis, crroco6HhIH, nptt orcyrcTBHl1 .UOJJ)l(HOro 

Ha.u3opa, B C'IHTaHHhie L\HH yHtt'ITO)l(HTh noceBhI, a noMoraIOT aKTttHo6aKTeptttt 

Pseudonocardia, Bb1pa6aTbIBa10mtte aHTtt6ttoTHK .umi YHH1-ITO)l(eH11H Escovopsis 
[66). 3TO O'leHh L(peBHHH rpynrra rrpoKapttOT, npeL(CTaBHTeJ111 KOTOpoì1 o6pa3y

lOT BeTB»mttec» HHTeBHL\Hhie MHoroKJJeTO'IHhie crpyKTyphl , noxo)l(tte Ha rpw6-

Httuy, Il03TOMY .uo He)laBHHX rrop aKTHH06aKTepttì1 C'IHTaJIH rp116aMH H Ha3bl

BaJIH «aKTHHOM11ueTaMH». A.uarrTaUHH rptt6a-napa3HTa K aHTH6HOTHKY H)leT 

Me.llJleHHee aL(arrTauww 6aKTepttì1 - OHH ttMeIOT Bcer.ua B 3arrace HOBhie lllTaM

MhI, nptt'leM 3TH lllTaMMbl pa3JIH'IHbl .llJIH pa3Hh!X MypaBeHHl1KOB. y BCex BH

L\OB MypaBheB-JIHCTOpe30B HMelOTCH )l(eJJe3HCTble o6pa30BaHHH, KOTOphle Bbl

L(eJIHlOT BemecTBo, crroco6cTBy10mee pocry 6aKTep11w, H cny)l(aT 11M )1(11JJheM . 

.D:n» rrpttBJJe'leHHH 6aKTepttì1 JIHCTOpe3hl B xo.ue 3BOJllOUHH HapamwsaJIH 'IHCJIO 

)l(eJJe3HCThIX o6pa30BaHHH, IlOKa OH11 He IlOKphJJIH sce Teno. To eCTh B 3TOM 

cnyqae Mhl HMeeM .ueno e .llBYMH opraHH3MaMH, 3BOJllOUHH KOTOpblX IIOlllJia BO 

B3aHMOBhirO.llHOM HanpaBneHttH : MypaBhH coBepllleHCTBOBaJitt CBO.H opraHH3M 

B COOTBeTCTBl1H e HHTepecaMH 6aKTepttì1, a 6aKTepHH pa3pa6aTh!BaJJH Bee HO

BhJe H HOBbJe lllTaMMbl aHTH6110THKOB. 
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B cny1.rne e )!(yKaM11-ny6oe.naM11 s KalJeCTBe napa311Ta BhICrynaeT rp116-

copHllK Ophiostoma, KOTOphIH .neì1cTsyeT e noMOIUhIO c11M6110HTOB - KJie

meì1 . Knem11 n11TaIOTCll rp1160M Ophiostoma 11, nepeMema»Ch e o.nHoro .nepesa 

Ha .npyroe Ha )!(yKax-ny6oe.nax, noMoraIOT rp116y pacurnp»Th apean. Y KJie

meì1, s csoIO 01.Jepe.nh, TaK)!(e 11MeeTcl! napTHep - rp116 Ceratocystiopsis, KO

TOphIH He TOJlhKO COCT011T B Cl1M6110Tl1'1eCKl1X OTHOUieHl1llX e KJieIUaMl1, HO 11 

cJiy)!(11T n11meì1 n111.J11HKaM )!(yKa. Ho ecTb elUe o.n11H Yl.JaCTHl1K coI03a - on»Th 

aKTl1H06aKTep1111, KOTOpbie 3cpcpeKTl1BHO no.naBJillIOT pocT rp116a-copHl1Ka no

cpe.ncTBOM aHTl16110Tl1Ka M11KaHrl1M11U11Ha. I1pa0.na, 3TO cpe.ncTBO HeraTl1BHO 

003.neì1cTsyeT 11 Ha noJie3HhIH rp116 Entomocorticium sp. A, HO ecn11 .llJill Heì1-

rpan113au1111 napa311Ta Tpe6yeTCll Ml1KaHrHM11U11H B ,llOCTaTOlJHO Hl13Kl1X KOH

ueHTpaU11llX, TO mm TOpMO)!(eHl1ll pOCTa noJie3HOro rp116a 3Ta KOHUeHrpau11ll 

.llOJI)!(Ha 6bITh no0b1UieHa s 20 pa3 . A nocKOJihKY aHT116110T11K nocTynaeT s 

Cl1CTeMy B 0,llHOH KOHUeHrpau1111, OH cpaKTl1'1eCKl1 6e3Bpe.neH ,llJlll Entomocor
ticium sp. A [67]. 

OnacHeì1UI11M11 sparaM11 TJieì1 ll8JillIOTCll Hae3,llHl1Kl1, Jil1'111HKl1 KOTÒpbIX 

pa38118aIOTCll 8 11X TeJie, HO eCTb y TJieH (ropOX08blX) 11 3aIU11THl1Kl1 - Cl1M-

6110T111.JeCKal1 6aKTep11» Hamiltonella defènsa, 0611Ta10ma» 0 KJieTKax MHOr11x 

HaceKOMhlX, s TOM 1.J11cne 11 TJieì1. KaK 11 MHOr11e .npyr11e BHyrp11KJieT01.JHb1e 

Cl1M6110HThI, 3Ta 6aKTep11ll Hacne.nyeTCll no MaTep11HCKOH Jll1Hl111 (6aKTep11l1 

npOHl1KaeT 8 llHUa, OTKJia,llbIBaeMbie 3apa)!(eHHOH caMKOH). faMl1JlbTOHeJIJibl 

pa3JIHlJaIOTCll no CB011M 3aIU11THblM C80HCT8aM: 0,llH.11 06ecne1.J110aIOT 3aIU.HTY 

rn.11 OT ttae3.nH.11Ka, yH111.JTO)!(all .no 80- 90 % n111.J11HOK napa3.11Ta, .npyr.11e Jam.11-

maIOT xo3»11Ha ropa3JW XY:>Ke, TpeThl1 He 3am11ma10T 000ce. Ho scex 11x 06be

.n.11tt»eT o.ntto - 3aIU.HTHbie c0oì1crna Hamiltonella defensa 06ycno0neHhI ee 

3apa)!(eHHOCThIO s11pycoM-6aKTep11ocparoM APSE (A. pisum secondary endo
symbiont), 8 reHOMe KOTOporo co.nep)!(aTCll reHbl 6eJIKOB, TOKCl1lJHbIX ,llJlll Jl.11-

lJ.HHOK Hae3,llHl1KOB [68]. Ho 11 MHor11e Hae3,llH.11K.11 cnoco6HbI 3am11maTb c00.11 

Il03.11U.11.11: OHl1 8He,llpll!OT B Tena HaceKOMbIX, KpoMe C8011X ll11U, «011pycono

.no6Hble 1.Jacrnuhrn - .LJ:HK-011pych1 (Polydnavirus, PDV), KOTOpbie noMoraIOT 

JI.111.J.HHKaM napa311Ta no.na011Th 11MMYHHYIO 3am.11Ty X03.ll.11Ha. PDV, s OTJI.111.J11e 

OT o6hl'IHhIX s11pycos, He co.nep)!(aT cneu11cp.111.JecK.11x s.11pycHbIX reH08, Heo6-

XO.lll1MhIX .nn» pa3MHO)!(eH11.ll . I10TOMCT00 PD V o6pa3yeTcll TOJihKO s ll.l11.JH11Kax 

caMKl1 ttae3,llHl1Ka: lll11.JH11K11 Cl1HTe311pyIOT PDV aHaJior.111.JHO ToMy, KaK opraHhI 

MHOrQKJieTOlJHbIX opraHl13M08 Cl1HTe311pyeT pa3JI.11lJHhie semecT8a 11 MOJieKy

JillpHbie KOMnneKChI. KaK Bhrnctt11nocb, reHhI, ynpa0JI»IOIU11e cpopM11po0att11eM 

3Tl1X lJaCTHU, 6bJJil1 np.1106peTeHbl napa311Tl1lJeCKHMH HaCeKOMhlMH OT IlO,llJIHH

HOro 0.11pyca, KOTOphIH 100 MJIH JieT Ha3a,ll (s cepe.n.11He MeJI080ro neptto.na, KO

r.na npo.11cxo.nttna 6h!cTpa» conp»)!(eHHall .n.11sepc.11cpttKautt» u0eTK08hIX pacTe

HHH H HaceKOMblX) BCTp011JICll B reHOM HX npe.nKa. 3aTeM reHhl nepeCTaJIH 

8KJIIOlJaThCll 8 s.11pyCHhie lJaCT.11UhI, HO npO,llOJI)!(aJOT pa6oTaTh, o6ecnelJHBall 

c6opKy 3T11x 1.JacT11u. C.11M6.1103 Hae3.nH11Ka e sttpycoM oKa3aJICll 8hiro.llHhIM, 'ITO 

L(aJIO HalJaJIO 17 Tb!C. co0peMeHHhlX 811,ll08 Hae3,llHHKa [69]. 
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5. Anbmpyu3M KaK 6btcuiafl </JopMa cUM6u03a. CoiiuanbHbtU cuM6u03. 
TepMHH «anbmpyu3M» 6hrn rrpe.1v1o)f(eH <l>pamw1cKHM MhJCJIHTeJieM O. KoHTOM 

(1798-1857) nm1 Bhipa)f(eHH51 COUHaJihHOro llYBCTBa B3aHMOIIOMOJ.UH. q_ )1.ap
BHH H ero IIOCJie)lOBaTeJIH B o6JiaCTH 3BOJIIOUHOHHOtt 3Tl1KH OTMellaJIH, 'ITO 

aJihTpytt3M 6hJJI O)lHHM 113 6110JIOrH'leCKHX HHCTpYMeHTOB rrpHCIIOC06JieHHOCTH 

opram13MOB (oT 6aKTepHtt no )f(HBOTHhIX) H 51BJI5!eTC51 OCHOBHhIM <t>aKTopoM 

<t>opMHposaH1151 qeJIOBelJeCKOro o6mecTBa. lleJIOBelJeCTBO B xone 3BOJIIOUHH 

MHOroKpaTHO rrpoxomrno rpy1111osoì1: OT6op, s pe1yJihTaTe KOTOporo BhJ)f(HBaJIH 

rpyTITihI, y KOTOphIX 3aKpeTIJI51JIOCh HH.llHBHnyaJihHOe IIOBeneHHe, yseJIH'IH

BaIOJ.Uee B03M0)f(HOCTH rrpHCTIOC06JieHH51 H pa3MHO)f(eHl151 rpynrrhI, na)f(e B 

ymep6 oTneJihHOMY qeJioseKy. Ho TOJihKO nocTH)f(eHH51 3BOJIIOUHOHHOtt rette

THKH TI03BOJIHJIH IIOKa3aTh 6HOJIOrH'leCKHe OCHOBhI aJihTPYl13Ma. 

OnHo H3 OCHOBHhlX HarrpaBJieHHtt 3BOJIIOUHH - TeHneHUH51 K o6benHHe

HHIO opraHH3MOB B COUHaJihHbie rpyrrTihI - ·«CBepxopraHH3MhI», B OCHOBe KOTO

pblX Jie)f(HT aJihTPYH3M. KoJIOHHH o6mecTBeHHhIX ttaceKOMhIX - KJiaccH'leCKHtt 

rrpHMep csepxopraHH3MOB, OCHOBaHHhlX Ha aJihTPYHCTH'leCKOtt KOOIIepaUHH. 

B HaCT051J.Uee speM51 MO)f(HO BhI.lleJI11Th TpH TeopHH MexaHl13MOB, o6ecrre'IH

saIOJ.UHX pac11pocTPaHeH11e B rrorryJI51U11H «reHOB aJihTPYH3Ma>> [70]: 

• poncrneHHhitt oT6op (kin selection); 

• rrp51MOtt peuttrrpOKHhltt aJihTPYH3M («Th! MHe - 51 Te6e»); 

• HeIIp51MOtt peuHrrpOKHhltt aJihTPYH3M (KaK cpenCTBO IIOBhJWeHH51 COUH

aJihHOro crnTyca). 

KaK BH.llHO, BCe TPH MexaHl13Ma - rrpo51BJieHHe pa3YMHOro 3roH3Ma, xorn 

co1naTeJI11 Teoptt11 poncrneHHOro oT6opa )1,JK. Xom1,eìiu H Y. faMHJit:.TOH Teo

peTH'leCKH rrpenrroJiaraJI11 cymecrnosattHe H «ll11ctoro» aJihTpy111Ma. Teoptt51 

poncTBeHHOro OT6opa naeT .llÒCTOBepHoe o6o51CHeHHe CYTH aJihTPYl13Ma: IIOMO

ra51 Bhl)f(H'fh 6JIJ13KOMY poncTBeHHHKy, )f(HBOTHOe cnoco6crnyeT coxpali:eHHIO H 

pacnpocTpaHeHHIO CBOHX co6cTBeHHhIX reHoB B TIOCJienyIOJ.UHX IIOKOJieHH5IX; H 

o6o5!CH51eT, II04eMy H3 BCex HaceKOMhlX aJihTPYHCTH4eCKOe rroseneHHe HaH6o

Jiee ruHpOKO pacrrpocTpaHeHo cpen11 rrepenottllaToKphrnhIX (rr4eJI, oc, Mypash

es). B 3TOM OTP51.lle .llHIIJIOH.llHhitt Ha6op xpoMOCOM 11Me10T TOJihKO caMKH, a y 

caMUOB Ha6op xpOMOCOM rarrJIOH.llHhltt, II03TOMY caMKaM BhffO)lHee 3a60THThC5! 

o cecTpax, 4eM o co6cTBeHHhIX nernx (c cecTpaMH HX o6oenHH51!0T 75 % 06-

1.UHX rettos, a c neThMH - 50 %). ITo:iToMy y MHornx neperrOH'laTOKphIJihIX 

11onaBJI5!10J.Uee 60JihlUHHCTBO caMOK OTKa3hIBaeTC51 OT yqacTH51 B pa3MHO)f(eHHlf, 

nocB5!J.Ua51 ce651 1a60Te o 4J')KHX nernx. Ho ecJIH y MypaBheB 11 rrqeJI 3TOT aJih

TPYII3M 3aKperrJieH retteTH'leCKH (pa6oq11e oco6II He cnoco6HhI K pa3MHO)f(e

HIIIO ), TO y MHOrHX oc C11Tyau115! HHa51. Bee O Chi B rue1ne - poncrneHHHUhI, HO 

cTerreHt:. poncrna 3Ha'IHTeJihHO sapbIIpycr. Och1, senym11e o6mecrneHHhitt o6-

pa3 )fn!3Hlf, TeM OXOTHee IIOMOra!OT poncTBeHHHUaM B BhIKapMJIHBaHHH TIOTOM

CTBa, lJeM HH)f(e HX waHChl 3aH51Th MeCTO «uapHUhI» H rrpOH3BeCTH Ha CBeT 

co6cTBeHHhIX neTett. A IIOTeHUHaJibHhle OCbI-MaTepH OTJihlHHBa!OT OT o6mecT-
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BeHHO-rTOJie3HhIX pa6oT, coxpamrn cefor nmr noTOMCTBa. lfHorna «pa6oqtte» 

oco6tt <OrottcrttqHo» orKJianhrnaIOT co6crBeHHhie ll?iua, Koropb1e ryr )!(e YHHq

TO)l(a!Orc.sr npyntMH ocofo!MH, noTOMY qro J{OMHHHpoBaTh B nonyJI51UHH J{OJI)l(

Hhl TOJihKO 6JIH3KHe poncrneHHHKH [7 l]. Ecrh eme onttH acneKT ycneumoro 

tPYHKUHOHHpOBaHml «KOJIJieKTHBHOro opraHH3Ma», CBll3aHHhIH e Me)l(rpynno

BhlMH B3aHMone?icTBH.srMH. EcJIH oco6h MO)l(eT ycneumo pa3MHO)l(HThCll TOJihKO 

B COCTaBe KOJIJieKTHBa, ycneumoro B Me)l(rpynIIOBOH KOHKypeHUHH, TO or6op 

6yner .ue?iCTBOBaTh ~e He Ha HHJ{HBHJJ:yaJihHOM, a Ha rpynIIOBOM ypOBHe. 

Cna)l(eHHOCTh neì1crs11?i couttaJihHOro opraHH3Ma 11ono6Ha cJia)l(eHHOCTH 

MHoroKJieroqHoro opraHH3Ma. Ho B OTJIH'!He or MHoroKneroqHoro opraHH3Ma, 

ynpaBJUieMOro ueHTpaJihHOH HepBHOH, 3HJ{OKpHHHOH H npyrnMH ueHrpaJihHhl

MH CHCTeMaMH, KOOp.UHHHpoBaHHOe noseneHHe rpy11nhl opraHH3MOB peryn11-

pyerc.sr HHhlMH c11oco6aMH. 

y OJ{HOKJleTOqHhIX opraHH3MOB 3TO, KaK 11paBHJIO, XHMHlJeCKOe CHrHaJihHOe 

Bell{eCTBO, BhlJ{eJI.sreMoe BCeMH 6aKTepHH B nonyJillUHH, H KOrna ero KOHUeHrpa

UHll B cpe.ue J{OCTHraer noporosoro 3HaqeHH51, BCe KJieTKH .up~HO MeH.sr!OT CBOe 

noseneHtte. Ha11p11Mep, np11 BhIJJ:eJieHHH arrpaKTaHrn cou11aJihHh1e 6aKTeptttt co-

6ttpa10rc.sr B 6onhUIHe cKonJieHH.sr. Ha MOJieKyn.srpHOM ypoBHe H3MeHeHtte nose

neHH51 MHKpo6oB Bhl3h!Baerc.sr pe3KHMH H3MeHeHHllMH ypOBH51 aKTHBHOCTH on

peneJieHHhIX reHos: reHhI pearttpy!OT Ha noporoBbIH yposeHh B036~.ueHH51 pe

uenropos, a peuenrophI, B CBOIO oqepe.Ub, pear11py10T Ha cttrHaJihHOe semecrso. 

Ho cneutt<f>ttqecKa.sr cttcTeMa npenynpe.uttreJihHOH cttrHaJIH3au1111 xapaKTepHa H 

nn.sr pacreHHH, rrpttl!eM no OTHOUieHHIO He TOJibKO K arpeccopaM, HO H K co-

6paTb51M. Tip11 nospe)l(,lleHHH JIHCTheB HaCeKOMbIMl1 pacTeHH51 BbJJ{eJUIIOT nery

lJJ1e semecraa, npeny11pe)l(na10ru11e eocene?\ o B03MO)l(HOM Hana.ueHHH, a re, a 

CBOIO oqepenh, yc11n11Ba10T cpencrsa XHMH'leCKOH 3aru11ThI, cnaca.srch or spentt

reneìi. I1 3TOT npouecc OKa3aJic.sr nmp<f>epeHuttpoaaHHhIM no speMeHH cyroK. 

HanpttMep, ra6aK (Nicotiana tabacum) nn.sr 3all(HTbI or ryceHHU Bhinen.srer ne

ryqtte semecrsa, 11pHBJieKa10m11e sparoB ryceHHU - Hae3.UHHKOB, npWieM B 

.UHeBHOe apeM.sr, Kor.ua Hae3JJ:HHKH aKTHBHbI. A B HOqHoe apeM.sr 3TO pacreH11e 

BbIJ{eJI.srer .upyrtte semecrsa, OTnyrttBa!OIUHe caMOK HaCeKOMhIX, KOTOpbie OT

KJJaJ{bJBa!OT .sr?iua Ha JIHCTh51X, qro n03BOJI51eT CHH3HTh lJHCJieHHOCTh ryceHHU. 

l1 npenynpe)l(J{aTh 06 onacHOCTH pacTeHH51M BhlrDJ{HO TOJihKO 6JIH)l(aHUIHX pon

CTBeHHl1KOB, nOTOMY lJTO TeM caMhlM OHH CHH)l(a!OT KOHKypeHUHIO 3a pecypChl 

Me)l(,lly CBOHM BHJ{OM/nonyn.srutte?i 11 npyr11MH npeTeHneHTaMH. 

O. KouT eMKO Bhipa3HJI MexaHH3M aJibTPYH3Ma - «)l(HBH nn.sr npyr11x», a 

coo6mecrno noqaeHHhIX 6aKTeptt?i Bacillus subtilis peanH3yer 3TO BhICKa3hI

sam1e He B nepeHOCHOM, a B np.srMOM CMhICJie. B.subtilis HCnOJih3YIOT pa3JIHq

HbJe MexaHM3Mhl BhJ)l(HBaHH51: orpall{HBa!OT )l(ryrHKH, ,Ua!Oll{He HM nOJ{BH)l(

HOCTb; npHHMMa!OT KOJIJieKTHBHhie peUieHH51 Ha OCHOBe XHMHqeCKHX CHrHaJIOB 

oco6eì1 B nonyn.sru1111 (KaK H npenhrnym11x cnyqallx, nptt nocTtt)l(eHHH noporo

eoro ypOBH51 XHMJ1qeCKOro Bell{eCTBa B cpe.ue); co6ttpa!OTC51 B MHOroKJieroq

Hble opraHH3Mhl, a eCJIH IIJIOTHOCTh no11yJillUHH OlJeHb BhlCOKa H nHll{H Henoc-
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TaTO'IHO - rrpespamaJOTCH B CIIOpbl, ycTOH1.{HBbie K He6JiarorrpHHTHbIM B03-

ne:HCTBHHM. B cocTOHHHH crrop y qacTH norryJIHUHH B. subtilis cpa6aThrnaeT 

reHHbIH «rrepeKJIJOqaTeJib», COCTOHillHH 113 KJIJOLJesoro reHa-peryJIHTOpa (SpoOA) 
H HeCKOJibKHX npyr11x reHOB, IIO np11HUHIIY IIOJIQ)!(HTeJibHOH o6paTHOH CBH3H 

s1a11MHO yc11JI11BaJOmttx B03)leì1cTBHe npyr npyra. AKTttBH3aUHH :noro reHa BhJ-

3bJBaeT ueIIHYJO peaKUHJO, qacTblO KOTOpofi HBJIHeTCH rrpOH3BO)lCTBO KJieTKOH 

TOKCHHa, y6wBa10mero npyryJO 'laCTb 6aKTep11:H - o6nanaTeJie:H Hecpa6ornBwe

ro reHHoro «rrepeKJIJO'laTeJIH». Dorn6w11e KJieTKH pacrranalOTCH, a IIOJIYLJeHHaH 

opraHHKa wneT Ha KopM «y6w:HuaM». CyTb rrpouecca s cJieny10meM: Ha MeM6pa

He 6aKTepHH HMeeTCH 3all.lHTHbIH 6eJIOK (Sdpl), BblIIOJIHHIOillHH napaJIJieJibHO 

)lBe cpYffKUHH: HeHTPaJIH3YeT KJieTKY OT TOKCHHa H HHaKTHBHpyeT )lpyro:H 6eJIOK 

(SdpR), 6JIOKHPYJOillHH rrpott3BOJlCTBO 1amHTHOro 6eJIKa. A y «)!(epTB» 1amHT

Hhiì1 6eJIOK 6JIOKHpyeTCH eme O)lHHM 6eJIKOM - AbrB, OTKJIJ01.{HTb KOTOpbIH 

MO)!(HO TOJibKO IIyTeM BKJIJO'leHHH reHa-peryJIHTOpa, HO y '.)TOH qaCTH norryJIHUHH 

OH BbIKJII01.{eH caMHMH 6aKTepHHMH-aJibTPYJ1CTaMH. H H3 IIOKOJiemui B IIOKOJie

Hl1e nepenaeTCH «BhIKJIJOqeHHe» reHa-peryJIHTOpa y 50 % nonyJIHU1111 [72]. 
y MHOrOKJieT01.{HblX opraHH3MOB cornacoBaHHbJe H3MeHeHHH IIOBe)leHHH 

oco6e:H B rrorryJIHIJHH TO)!(e WHpOKO pacrrpocTpaHeHbl. )],ocTaT01.{H0 BCIIOMHl1Tb, 

1.{TO cepOTOHHH, )lOCTHrHyB noporoso:H KOHUeHTpaUHH, scero 3a )lBa qaca npe

spamaeT rrycTbIHHYJO capaHqy B CIIJJoqeHHbIH KOJIJieKTHB XHillHbIX HaJieT1.{HKOB 

(CM. pa3)leJI «IlpOCTpaHCTBeHHO-BpeMeHHbJe xapaKTepttCTHKH pacnpeneJieHHH 

rrorryJIHUHH»). TaKo:H )!(e MexaHH3M ne:HcTByeT B rronyJIHIJHHX MHOrHx IITHIJ 11 

pb16. B nep11on HepecTa ceJib)lb Ka)!()lbIH Beqep opraHH3yeTCH B rpoMa)lHbie 

CKOIIJieHHH (IIJIOTHOCTb )lOCTttraeT noporoBoro 3HaqeHl1H 0,2 pb16/ M
2
, a B CKOII

JieHHHX )lOCT11raeT 2- 5 pb16/M
2
), KOTOpbie cornacoBaHHO IIJlbIBYT Ha MeJIKOBO

)lbe )lJIH pa3MHO)!(eHHH (HeCMOTpH Ha TO 1.{TO Ha MeJIKOBO)lbe 11X O)!(H)laeT ropa3-

)l0 60JibWee KOJJHqecTBO XHillHHKOB, qeM Ha rny6HHe). bOJiee Toro, CKOIIJieHHe 

pbI6 pa3pacTaeTCH CO CKOpOCTbJO, Ha nopH)lOK npeBbJWaJOme:H CKOpOCTb, c KO

TOpo:H MO)!(eT IIJiblTb Ka)!()laH OT)leJibHaH pb16a. «llyBCTBO KBOp)'Ma» (quorum 
sensing) y BCex opraHH3MOB Bbl3bJBaeT CHHXpOHH3al.(HIO )leHCTBHH, HO BHe 3a

BHCHMOCTH OT CJJO)!(HOCTH 3THX opraHH3MOB 11X rrepexon K KOJIJieKTHBHOMY rro

Be)ÌeHHIO peryJIHpyeTCH IIJIOTHOCTbJO rronyJIHl.(HH [73] . 
B JIHTepaType Hepe)lKO MO)!(HO BCTpeTHTb BblCKa3bJBaHHH OTHOCHTeJibHO 

Toro, LJTO rrpouecc BbJ)leJieHHH CB060)lHOro KHCJIOpona aBTOcj:>OTOTpocj:>aMH B 

aTMoccpepy 3eMJIH rrptt cpomc11HTe1e - rrpouecc CJIYLJaHHbIH, Heo6H1aTeJih

HbJH, xorn 11 OKa3aBWHHCH IIOJie3HblM )lJIH KOHCyMeHTOB H penyueHTOB. Do

BH)lHMOMy, 3TO COBCeM He TaK! 

ECTb BCe OCHOBaHHH rronaraTb, 1.{TO rrpouecc BbJ)leJieHHH MOJieKyJIHpHoro 

KHCJIOpO)la cj:>oTOCHHTe3HpyromHMl1 3yKapttoTaMH CTaJI BeJiwqafiw11M B HCTO

pHH 6woccpepbl aKTOM aJibTPYH3Ma, HanpasJieHHbIM Ha cpopM11poBaH11e COBpe

MeHHOH 6woccpepbl, YHHKaJibHaH ycTOH1.{HBOCTb KOTOpo:H 6a3HpyeTCH Ha c6a

JiaHCHpOBaHHOM B3al1MO)leHCTBl111 «uapcTB», ee COCTaBJIHIOillHX, rrocpe)lCTBOM 

o6o6mecTBJieHHbIX KpyrOBOpOTOB semecTBa 11 3HeprnH. 
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Pa3,D,enem1e 611oecpepb1 Ha uapeTBa npowno qepe3 611cpypKaumo «npoKa

p110TbI - 3yKap110ThI». IIepBbie np0Kap110Tb1 B03HHKJIH s npoueeee 3BOJII-OUHH 

OKOJIO 3,5 MJip,D, JieT Ha3a,D,, TOr,D,a )!(e B apxee OT HIIX np11MepHO 2,8 MJip,D, JieT Ha-

3a,D, npOI130lllJIII 3yKap110TI1qeeK11e opraHl!3Mbl - ,D,OMeH (Ha,D,uapeTBO) )!(I!Bb!X 

opraHI!3MOB. )K11BOTHbie, paeTeHmI, rp116h1 , a TaK)!(e rpynnhI opraHH3MOB IlO,D, 

o6mttM Ha3BaHI!eM npOTHeTbl - Bee l!BllilI-OTel! 3yKap110TflqeeKI!MII opraHI!3Ma

MII. 0HH MOfyT 6hITh 0,lJ,HOKJieTOL!Hh!MII Il MHOfOKJieTOL!HhIMII, HO Bee I!MeI-OT rro

XO)!(YI-0 eTPYKTYPY KJieTOK, 11Me1-0T o6mee npo11exo)!()J,ett11e. fpyrrna l!,D,epHhIX 

paeeMaTPHBaeTell KaK MOHOcpHJieTHL!eeKI!H TaKeOH Hal!BhJewero paHra. 

IIpe,D,JIO)!(eHo HeeKOJibKO Bap11aHTOB .uen emrn tta.nuapeTsa 3yKap110T Ha 

uapeTBa. Pattee BhI,D,ellilJIH uapeTsa paeTeHHH 11 )!(I!BOTHhIX. 3aTeM 6hIJIO BhI,D,e

neHo uapeTBO rp1160B, KOTOpb!e 113-3a 6110XIIMIIL1eeKI1X oeo6eHHOeTeH He MOfyT 

6hITh rrp11q11eneHh1 HH K o,D,HOMY 113 3THX uapeTB. Ceìiqae BhI,D,eJIHI-OT T aK)!(e 

uapeTBa npoeTeHWIIX, MI!KeOMI!l.leTOB, xpOMI!eTOB. B HeKOTOpbIX e11eTeMax Ha

eLIHThIBaeTell ,D,O 20 uapeTB. 

,n:eneHI!e 611oecpepbl Ha uapeTBa BhlrJill,D,IIT He,D,oeTaToqHo a,D,eKBaTHhIM e 

TOqKH 3peHI!ll eoBpeMeHHOH HayKH, HO IIp11po,D,a 06 3TOM He 3HaeT, Il ,lJ,Ba He

pa3pbIBHO eBl!3aHHh!X Me)!(,ZJ,y eo6oìi Ba)!(HeHWIIX 6noKa: cpOTOel!HTe311pyI-OIUIIX 

e BhI,D,eJieHHeM MOJieKynHpHoro KI!eJiopo.na opraHI!3MOB Il opraHH3MOB, OKI!e

llill-OJUIIX opraHHKy, o6yeJIOBIIJIII He3hI6JieMyI-O yeTOHLIIIBOeTb 61101.1eH030B Il 

611oçcpepbl B ueJIOM B npoueeee IIX K03BOJil-Ol.IIIII . ,l(Jill Hae HerrpeJIO)!(Hh!M oeTa

eTel! .neneH11e Ha npo.nyueHTOB, KOHeyMeHTOB Il pe.nyueHTOB. 

B 3Koe11eTeMax o6hILIHO 6hrnaeT 4-5 TPOcp11qeeK11x yposHeìi 11, 113pe,nKa, -

6onhwe 6. IlpaKT11qeeK11 see rrpo.nyueHTbI - cpornaBTOTPOcphI, T. e. 3eJieHhie 

paeTeHHH, BO,nopoeJIH Il HeKOTOpbie npoKapHOThl, Harrpl!Mep UHaH06aKTep1111 

(paHbllle IIX Ha3b1BaJI11 e11He-3eJieHh!MII BO,nopoeJIHMII). 3aMeTHM, qTo pOJih xe

MOaBTOTPOcpOB B Maewrn6ax 611oecpepb1 npeHe6pe)!(HMO Mana. K KOHeYMeHTaM 

nepBoro rropH,nKa OTHOeHTeH cp11rncparn, reTepoTpocphI, rroe,na1-0m11e rrpo.nyueH

TOB, T. e. paeTHTeJibHOH,lJ,Hble )!(I!BOTHhie, IIJIII cp11Tocpar11. HeKOTOpb!e KOHeyMeH

Thl rrepBoro nopH,nKa He noe,naI-OT paeTeHHH, a rrapa311T11py1-0T Ha HHX. KoHey

MeHThI BTOporo IlOPHAKa e,nHT cp11Tocparos, T. e. HBJIHI-OTeH JlJIOTOH,lJ,HhlMII opra

HH3MaMH:. KotteyMeHThI TpeTbero nopH,nKa 11 KOHeYMeHThI 6onee Bh1eoK11x 11n11 

eMewaHHhIX no 11epapx1111 rropH,nKoB TaK)!(e HBJIHI-OTeH rrnoTOH,lJ,HhIMH. B HeKo

TOphIX 3KOeHeTeMaX .no 80 % rrepBI!LIHOH rrpo,nyKI..11111 He nOTPe6nHeTeH cp11Tocpa

raM11. MepTBhIH paeT11TeJibHhIH MaTep11an ernHOBHTeH .no6blLieìi opraHH3MOB, 

Ill!Tal-OIUI!XeH .neTPHTOM (.n~11TOcparoB) l!Jlll pe.nyueHTOB (.neeTPYKTOpOB ) . 

KaK MhI y)!(e roBop11n11, pewaI-OJUYI-O ponh Ha HaqaJihHOM 3Tane 3BOJII-Ol.IIIH 

3yKapHOT eb1rpan e11M611oreHe3 - e11M61103 Me)!(,ny 3yKapHOTI!LieeKOH KJieT

KOH, ~e rrp1106peTweìi H,npo 11 erroeo6Hoìi K cparou11T03y, 11 <<3axsaLieHHhIMH» 

3TOH KJieTKOH 6aKTepHHMII - npe.nweeTBeHHI!KaMH MIITOXOH,lJ,pI!H Il rrnaeTH

,lJ,OB. 3yKapHOTbl JII160 eaMH aKKYMYJIHpyI-OT eOJIHeLIHYl-0 3HeprnI-O B BH.ne XIl

MI!L!eeKHX eoe,n11HeHI1H Il HepaBHOBeeHbIX 3JieKTpOXIIMIILieeKHX rpa.n11eHTOB Ha 

KJieToqHhIX MeM6paHax, a TaK)!(e eHHTe3HpyI-OT 6110MOJieKyJihl, JIH6o HeilOJlb-
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3YJOT 3anaceHHb1e copo.zu1qaMH :rnepnuo 11 6110Maccy, rpaHccj:>opM11pyjl 11x e 

noMOlllbIO arMoccj:>epHoro KHcnopo.ua. 

B 'leM )!(e cocroHT anbTpYJ1CTH'IHOCTb .upeBHHX npo.uy11eHros? YHHKaJib

HOCTb o6cy)!(.uaeMoro .upeBHero co6bITHH COCTOHT B TOM, qro CJIO)!(HBllJeecjl 

H ycnellJHOe uapcrno .[(peBHHX npo.uyueHTOB - cj:>oTOCHHTe3HPYIOlllHX npoKa

pHOT H 3yKapHOT - B3HJIO Ha ce6» 3a6ory o C03,UaHHH 3epKaJibHb!X uapCTB, He 

CBji3aHHbIX Henocpe,UCTBeHHO e He06XO.UHMOCTbIO ynasJrnBaTb COJIHe'IHbie 

KBaHTbI .un» o6ecne'leHHjl )!(H3He.[(e»reJibHOCTH. Asrocj:>ororpocj:>b1 (oco6eHHO 

3cj:>cj:>eKTHBHO - Bb!CllJHe pacreHH») Bbipa6oraJIH B03MO)!(H0CTb BbI,UeJij!Tb B aT

MOCcj:>epy CB060.[(Hb!H KHCJIOpo.u H npe.[(OCTaBHJIH CBOIO OTMHpaIOlUYJO 6110Maccy 

HOBOMY uapcrsy )!(HBOTHbIX, o6perweMy B03MO)!(HOCTb 6bITb no.UBH)!(HbIM, 6bl

crpo H MHOrHMH nyrnMH 3BOJIIOl.IHOHHpoBaTb H, rnaBHOe, MbICJIHTb. 

)]:eHCTBHTeJibHO, pa3Mepbl npoKapHOTH'leCKHX KJieTOK HeCOH3MepHMO MeHb

llJe, H n03TOMY B npouecce 3BOJIIOl.IHOHHOro pa3BHTHH 3YKapHOT y HHX B03HHKJia 

npo6neMa cHa6)!(eH11» opraHH3Ma 6onbllJHM KOJij1qeCTBOM n11m11. KaK cne.ucrs11e, 

cpe.u11 3YKapHOT IlOjiBJIHIOTCji nepBbie HaCTO»lUHe, nO.[(BH)!(Hbie XHlUHHKH. 

Pa3BHTHe cer11 c11M611or11qecK11x B3a11Mo.ueì1crs11ì1 He.uocraTO'IHO paccMaT

p11saTb HCKJIIO'IHTeJibHO Ha ypOBHe rpocj:>wieCKHX OTHOllJeHHH. CBH3aHHbie Kpy

rosopoTaMH 3Heproo6MeHa, yrnepO.UHOro H KHCJIOPO.UHOro l.IHKJIOB (11 MHOrHMH 

.upyrHMH l.IHKJiaMH) H, qro He MeHee Ba)!(HO, HHcj:>opMal.IHOHHb!MH peryJijiTOpHbl

MH CBj13HMH nonyn»UHH COCTaBl1JlH ycroì1.q11syIO 611ory reo611011eH030B. 

<l>OTOCHHTe3HPYIOlUHe opraHH3Mbl OKCHreHHOro THna (T. e. Te, KOTOpb!e 

BbI.UeJJ»IOT KHcnopo.u 3a C'leT 3Hepr1111 conHe'IHOro csera, nornomaeMoro cj:>o

TOCHHTeTH'lecKHM annapaTOM) TIOHBHJIHCb Ha 3eMJie OKOJIO 3 MJIP.U JieT Ha3a,U 

(He no3,UHee 2 700 000 ner Ha3a.u). 3ro 6brn11 1111aH06aKTep1111. B ro )!(e caMoe 

speMjl KOHI.1eHrpa1111jl KHCJJopo.ua B aTMOCcj:>epe Ha'laJia paCTH, HO OHa 6bIJia OT

HOCHTeJibHO HeBeJIHKa BTIJIOTb .[(0 TIOHBJieHHH Bb!CllJHX pacTeHHH. BbICllJHe pac

TeHHjl HaqaJIH «npo11BeTaTb» npH6JIH3HTeJibHO 500 MJIH JieT Ha3a,U. TipoH30llJJIO 

pe3Koe ysen11'1eH11e KOHI.1eHTpa111111 KHcnopo.ua. TipH'IHHbI? To'IHO He MO)!(eM 

OTBeTHTb, HO, BH.UHMO, CKa3aJIHCb KaKHe-TO reoXHMH'leCKHe npouecCbl, CBH-

3aHHb!e e H3MeHeHH»MH craryca )!(eJie3a B 611oreoccj:>epe. Ho B nI06oM cnyqae, 

Haqi,IHaji e 3TOro BpeMeHH, paCTHTeJibHblH MHp CTaJI OTBeTCTBeHHb!M 3a no.u

.uep)!(aHHe Bb!COKOH KOHI.1eHrpa111111 KHCJIOpo.ua (21 %) B aTMOCcj:>epe 6Horeo

ccj:>epb!. Haqanocb 6ypHoe pa3BHT11e )!(HBOTHOro MHpa. l1 TOJibKO ror.ua ccj:>op

MHposancjl B3aHMOTIOJie3HbIH CHM6H03 Ha ypOBHe uapCTB - pacTeHHjl «IlO

MOrmrn )!(HBOTHbIM, KOTOp1>1e CMOrJIH OKHCJ!j!Tb pacTHTeJibHYIO 6110Maccy. Te, B 

CBOIO oqepe,Ub, CTaJIH «TIOMoraTb» pacTeHHj!M. Tip11MepoB MHOro, HO O,Ul1H 113 

caMbIX jlpKHX - Bb1.ueneH11e C02, KOTOpbIH tty)!(eH pacreHl1j!M .UJijl cporocHHTe-

3a. )]:pyrHe npHMepbI - nepeHOC ceMj!H IlTHI.1aM11, OilbIJieHHe 11seTKOBbIX Hace

KOMb!MH, cj:>opM11posaHHe crpyriypbI noqs ,UO)!(,UeBbIMl1 qepBj!MH H T . .u. To )!(e 

KacaeTCji 11 .uerpHrocj:>aros . Ho .uo 3Toro coseplll11Jicjl aKT anbrpYJ13Ma. 

AnbrpyH3M - 3TO noMOlllb .upyr11M 3a cqer caMOilO)!(eprnosaHHH . Do

.uo6tto TOMY KaK XHMH'leCKajl Cl1CTeMa, npeo.uoneBajl KHHeTH'leCKHH 6apbep, 
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3arpa<nrnaeT :rnepnno Ha ero rrpeo.uoneHHe, HO 3aTeM nepexo,UHT B 6onee BhI

ro.uHoe cocTOHHHe, anbTJJYH3M TaK)!(e npe.unonaraeT HeKHe speMeHHbie noTepH . 

.LJ:pyroM: npHMep - BeH'IYJJHbIH KanHTan - .uonrocpO'IHbJe HHBeCTHUHH, sno

)!(eHHbie B ueHHb!e 6yMarH HnH npe.unpHHTHH e Bb!COKOH HnH OTHOCHTenbHO 

Bb!COKOH CTeneHblO ]JHCKa, B O)!(H,UaHHH 1Ipe3Bbil.faHHO Bb!COKOH npH6binH. 

TaK)!(e H BO B3aHMOOTHOIIIeHHHX pacTHTenbHOro MHpa e )!(HBOTHb!M npHMep 

«anbTJJYH3Ma» O'IeBHAeH. KHcnopo.u, KaK H3BeCTHO, npoTHBOCTOHT cpoTOCHHTe-

3y. KnIOl.feBbIM cpepMeHTOM l/UKJza Kanb«UHa, s KOTO]JOM 11pottcxo,UHT cpHKca-

1\HH KHCnopo.ua H3 803,Uyxa e o6pa30BaHHeM yrneBO,UOB (:no II]JOHCXO,UHT 3a 

C'IeT 3HeprHH conHe'IHOfO CBeTa H 3TO, 110 011pe.ueneHHIO, Ha3bJBaeTCH «cpOTO

CHHTe30M» ), HBnHeTCH .upeBHHH cpepMeHT Py6HCKO - c a Mb!H pac11pocTpaHeH

HblH 6enoK B npHpo.ue (2: 50 % 6H0Maccb1 B 6ttoccpepe). TipH H36hITKe KHcno

po.ua Py6HCKO Ha'IHHaeT pa6oTaTb «HaneBO» - OH OT,UaeT 3neKT]JOHbl He B 

u11Kn KanbBHHa ( cpoToc11HTe3 ), a Ha KHcnopo.u ( cpoTO.UbJXaHHe ). <l>oTO.UbJXatt11e 

KOHKyp11pyeT e cpOTOCI1HTe30M, 3TO «Bpe,UHblH» npouecc (KOHe'IHO, BCe 3TO B 

nepBOM npH6llH)!(eH11H, TaK KaK OT «IIaplllHBOH OBl\bI» TO)!(e 6b!BaeT KOe-KaKaH 

11onh3a). TaKHM o6pa3oM, cpoToc11HTeT11'IecKHì1 a1111apaT, BbI,UenHH KHcnopo.u, 

KOTO]Jb!H He06XO,UHM .UilH )!(H3HH )!(HBOTHbIX, caM ce6e Bpe,UHT. 3a COTHH MHn

ilHOHOB neT npHpo.ua Bb1pa60Tana p a3nH'IHbie 6ttox11MH'IeCKHe H cTpyKTYJJHO

cpyHKUHOHanbHhie MeXaHH3Mbl 3a!lll1Tbl cpOTOCHHTeTH'IeCKOro an11apaTa OT Ta

KOro 1106o'IHoro .ueì1cTBMH K11cnopo.ua . B q a cTHOCTH, 3TO C4-cpoTOCHHTe3, np11 

KOTopoM Py611cKo H30nttposaH OT Kttcnopo;::ia, HO .unH peanH3aUHH C4-cpOTo

CHHTe3a T]Je6yIOTCH .uorronHHTeJibHb!e 3aTpaTbl 3Hepr11H. 

v1TaK, «cyxoi1 OCTaTOK» COCTOHT B TOM, 4TO paCTeHHl'l, «IlOMOralOT» >KHBOTHblM, HO 

He TOJibKO CHM6HOTH4eCKH, a e 3JieMeHTaMH Ha4aJibHOro aJibTPYH3Ma. «CDOTOCHH

Te3Hpys:i» H BblAeJil'ISl KHCJIOPOA, paCTeHHl'l o6ecne4HBalOT >KH3Hb >KHBOTHOro MHpa 

H MHpa peAyueHTOB, HO TeM CaMblM «3aTPYAHl'llOT» CBOIO co6CTBeHHYIO >KH3Hb H3-

3a BblCOKOH KOHL(eHTpal(HH KHCJIOpo.ua B aTMOCcpepe. vtcxOAHblH aKT anbTPYH3Ma 

CO CTOpOHbl cpornaBTOTpocpos, conpOBO>KAaBWHHCl'l speMeHHblMH norepl'IMH, 3a 

C4eT 803HHKWHX MHO>KeCTBeHHblX CHM6H0308, Tp0cpH4eCKHX H perynstTOpHblX, 

cyL1.1eCTseHHO yCKopHn Kpyrosopor yrnepoAa, KHcnopoAa, APYrHX 3JieMeHTOB s 

6Hoccpepe. CDHrncparH 3a C4eT yrnneHHSl OTTOKa 3HeprHH H BeL1.1eCTsa yCKopHJIH 

3BOJIIOL(HIO aBTOTpocpos, cnoco6CTBYl'l ysenH4eHHIO 6Hopa3H006pa3Hl'l. (HrHaJib

Hble B3aHMOAei1CTBH51 B 6HOL(eH03ax HeJIHHei1HO 803paCTaJIH e pOCTOM 6Hopa3-

H006pa3H51. 60JibWe CHM6H0308 - 60JibWe o6paTHblX CBl'l3ei1, 60JibWe CKOpOCTb 

Kpyrosoporns, 60JibWe HHcpOpMal(HOHHblX CB513ei1, BblWe yposeHb ròMeOCTa3a, -

6HOUeH03bl, 6Hoccpepa o6peranH nosb1weHHY10 yaoi14HBOCTb. 

0TMeTHM, 4TO aKTHBHaH cpeAa cpopMHpyeTCl'l JIHWb npH 06513aTeJibHOM yYaCTHH 

B COL(HaJibHblX B3aHMOOTHOWeHH51X KOHKypeHUHH .H CHM6H03a KaK IlOJIO>KH

TeJibHblX H OTpHL(aTeJibHblX np51MblX H o6paTHblX 6JIH3KOAei1CTBYIOL1.1HX H AaJib

HOAei1CTBYIOL1.1HX CB513ei1.BO:)HHKa10L1.1He TaKHM o6pa30M «CBepxopraHH3Mbl» 

KaK pa3 H COCTaBJIHIOT aKTHBHYIO cpe.uy. 3TO HeOAHOPOAHble, HeJIHHeHHble H 
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HepaBHOBeCHble CHCTeMbl, n03TOMY MaJlble cpnyKT)'al\1111 cnoco6Hbl pa3Bl1BaTbC5l 

B «r11raHTCK11e» 3a CYeT cy~ea000aH115l oTpHL\aTenbHblX 11 nono>1<11TenbHblX 06-

paTHbrX CB513eH. 3TO OTKpblTble CHCTeMbl, ocy~eCTBJ15ll0~"1e o6MeH 11Hcp0pMal(l1-

eH, 3Hepr11eH 11 Be~eCTBOM He TOJlbKO e OC0651Ml1 nonyl15ll\1111, HO 11 CO cpeAOH 

0611TaH115l 11 nocpeACTBOM 3TOH cpeAbl (anpaKTaHTbl 11 Ap.). «(BepxopraHl13Mbl» 

5lBJ15llOTC5l OAHOBpeMeHHO 6110J10rl14eCKl1M11 11 COL(l1aJlbHblMl1 CHCTeMaM11, 11 KaK 

y scex caMoopraH113y10~11xrn CHCTeM, npol(ecc 11x >Kl13HeAesnenbHOCTl1 so 0pe

MeH11 11 npoapaHCTBe ocy~eCTBJ15leTC5l B KOJle6aTeJlbHOM pe>1<11Me (roMeOCTa3, 

«BOJlHbl >Kl13Hl1», aBTOBOJlHOBOH pe>1<11M). 

IlepeA HaMH Kapnrna aKTHBHOH B036yAHMOH cpeAbI, xapaKTep113yeMoì1: 

• pacnpeAeneHHhIM pecypcoM (HMeeTCSI B BHAY KaK opraHH3MCHHhIH, TaK H 

reHCTfl'ICCKHH pecypc «CBepxopraHH3MOB» ), IIOAACp:aurnaIOIUHM B npo

CTPaHCTBe H BpeMeHH 3BOJIIOLIHIO CTPYKTYPhI H ciiYHKLIHH 3TOH CHCTCMhI; 

• KorepeHTHOCTb!O B036yAHMhIX 3JICMeHTOB - oco6eì1 COl.IHaJihHOro opra

HI13Ma (AOCTaT04HO BCIIOMHHTb IIOBCACHHe CCJlbAH HJlH 6aKTepHH Bacillus 
subtilis); 

• IIOCTOSIHHbIM pacumpeHHCM rpaHHLI apeana, H qacTO CIIOHTaHHblM («Ha-

6ern» capaH4H); 

• Bap11a6eJibHOCTb!O B036yAHMblX 3JICMCHTOB B pe3yJibTaTe OT6opa; 

• HCaMHTHBHOCTb!O np05IBJICHHH BCCX ctiaKTopoB, perynHpyIOIUHX caMOOp

raHH3auHIO CHCTCMbl. 

5.2.2.2. KoHKypeH1(IUI 

HeAOCTaT04HO npeycnerb. Apyrne AOll>KHbl npo1-1rparb. 

Top B114a11 

Ko111<ype1111uR - 3TO aHTarottHCTH4CCKHH THII B3aHMOOTHOIIICHHH MC)!(AY 

oco6.srMH OAHOro BHAa (BHYTPHBHAOBaSI KOHKypeHUHS!) HJIH MC)J(AY ocofoIMH 

pa3HhIX BHAOB, HaXOAS!IUHXCSI Ha OAHOM TPOciiH4CCKOM ypOBHe {MC)!(BHAOBaSI 

KOHKypeHI.(HSI), B 6opb6e 3a pecypchl. CornacHo npu1111uny K011Kype11m11ozo uc
KJ110'le11uJ1, 4HCJICHHOCTb H IIJIOTHOCTb ycTOH4HBO COCYIUCCTBYIOIUHX BH

AOB/nonyn.sruHH He MO:lKCT rrpeBhIIIIaTb 4HCJia JIHMHTHpyIOIUHX HX IIJIOTHOCTH0-

3aBHCHMblX ctiaKTOpOB (ciiH3HKO-XHMH4CCKHX, reorpaciiH4eCKHX, 6HOJIOrH4C

CKHX H 3KOCHCTCMHblX). A CIIOC06b! IIOAaBJICHHSI rrpoTHBHHKa MOfYT 6b!Tb pa3-

JIH4HblMH, BKJII04aSI Aa:lKe paCTBOpeHHe KJICTOK 11 TOpMO)J(CHHe 6HOXHMH4CCKHX 

rrpoueccoB AhIXaHHSI B pe3yJibTaTe BhIACJICHHH HCKOTOpb!MH opraHH3MaMH 

(pacTCHHSIMH, rp116aMH, 6aKTepHHMH) B OKp~aIOIUyIO cpeAy XHMH4CCKHX se

IUCCTB ( aJIKOJIOHAO~, TeprreHOB ). 

llepeAOBaHHe IIOCJICAOBaTCJlbHbIX HAHOaAaIITauHH CO speMeHeM MO:lKCT 

rrpHBCCTH K TOMy, 4TO Ka:lKAbTH BHA B npeAenax OAHOro TPOciiH4CCKOro ypOBHSI 

6yAeT 3aHHMaTb CBOIO HHIIIy, H KOHKypCHl.IHSI 6yAeT CBCACHa K MHHHMYMY· 113-
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Mettemrn ycnOBHH o6HTaHml MoryT OKa3hIBaTh co.ueiicTBl1e no TeM HJlH HHhlM 

np11q11HaM 6onee a.uanT11poBaHHhIM s .naHHhJH OTPe3oK BpeMeHH BH.UaM/nony

llilUIDIM, BCJie.UCTBHe qero Ha onpe,UeJieHHOH CTa.UH11 CeJieKTl1BHhIM npe11MymecT

BOM o6Jia.uaeT B11.U A, a Ha .upyroii - BH.U B. B 3TOM cnyqae o6a BH,Ua 6y.uyT 

cocymecTBOBaTh 8 ycnOBl15!X UHKJIJ.ll.JeCKOro paBHOBeCH5!, np11 ycnOBHl1 coxpa

HeHH5! ocTanhHhIX ynpa8m110m11x napaMeTpo8. B tteKOTOphIX 80,UOeMax, xa

paKTepHhIX ,UJ15! 3acyrnJil1BhlX TeppHTOpHH, C08MeCTHO 0611Ta10T 3eJieHhie BO,UO

pOCJlH, OTHOC5!UIHeCl! K BH,UaM Haematococcus, Chlamydomonas, Scenedesmus 
11 Chiarella. I1p11 nepechIXaHHl1 Bo.uoeM08 c03,na10TC5! 6JiaronpH5!THhJe ycnoBHll 

,Ullil npe.ncTa811Teneì1: Haematococcus, a .UJill ocTaJihHhJX BO,Uopocneii He6naro

np11l!THhJe - CT05fqa5! BO,Ua. B ycJI08mIX nOCTOllHHOH 11 qacTOH CMeHhl 3THX yc

J108HH cocymecTBOBaHHe .naHHh!X npOTHBOnOJlQ)KHhlX no CBOHM npe.unoqTeHH

llM 3eJieHh!X BO,UOpOCJieH MO)!(eT npO,UOJl)!(aThCll 6ecKOHeqHo ,UOJiro. 3KOJIOrJ1l!e

CK11 CXO.UHh!e Bl1,UhJ/nonyJillU1111 np11 Ha1mq1111 .upyr11x CTa6HJil13HpYJOUIHX 

cpaKTopoB MOryT cocymecTB08aTh, Hl1Kor.ua He ,UOCTl1rall CTa.U11H npl!MOH Me)!(-

811,UOBOH KOHKypeHuH11. Hanp11Mep, q11cneHHOCTh nonym1u11ì1: pacTHTeJihHOll.U

HhIX )!(11BOTHblX qacTO y.uep)!(11BaeTCll Ha Hl13KOM yp08He X11UIH11KaMH. B pe3yJih

TaTe 11MeHHO X11UIH11KH npenl!TCT8YIOT poCTy Me)!(Bl1,U080H KOHKypeHI.(1111 3a 

n11my Me)!(.uy pacTHTeJibHOll,UHhIMl1 H cnoco6crny10T cocymecrnoBaHHIO. B .upy

rHx CJiyqa51x MO)!(eT 6h!Th ,UOCTHrHyTO pa8HOBeCHe, npH KOTOpOM ycnelllHOMy 

cymecTBOBaHl1!0 8H.U08 noMoraeT npHCyTCT811e KOHKypeHTOB (cBoeo6paJHall 

«C11M6110THqecKa5! KOHKypeHUHll» ) . HaKOHeu, MO)!(eT 803HHKHyTb CHryaUHll, KO

r.ua O.U11H 113 8H,UOB 6y.ueT nOJlHOCTblO no,Ua8JleH .upyr11M - 3aMemeH11e 8H,UOB. 

IIepBhie 3KcnepHMeHThl no 3aMemeH11IO 811,U08 6bIJil1 npo8e,UeHhl ray3e (1934) 
Ha .U8YX 811.uax napaMeu11ì1: P aurelia 11 P Caudatum. Bo Bcex CJiyqallx, Kor.ua 

,UBa B11.ua Paramecium 8hIH~.uan11 K KOHKypettu1111 B o.nttopo.uttoii KynhrypaJib

ttoii cpe.ue, O.UHH 811.U 8Cer.ua 8hITeCHllJI .upyroii . 3aMemeH11e B11,UOB qaCTo npo-

11cxo.u11T 8 np11po.ue. Cornactto HeKOTOpbIM ouettKaM, 98 % HhIHe )!(118YUI11X ce

MeiicTB n0380HOqHhIX npOH30WJI11 OT npHMepHO 8 BH,UOB, cymecTB08a811111X B 

patttteM Me3030e. 11, KaK nonara!OT, 3Tl1 Bl1,Ubl COCTa8JllllOT Jil1Wh He3Haq11TeJih

HY!O qacTh OT Toro MHO)!(eCT8a 811,U08 n0380HOqHhIX, KOTOphie HaCeJll!J111 3eMJI!O 

8 TO BpeMll. B eCTecrneHHhIX ycno811llx 3TO .nnHTeJihHhIH npouecc, no3TOMY 8 

n106oi1 .,UaHHblH MOMeHT 8peMeH11, KaK npa8HJIO, cymecT8yeT HeCKOJJhKO KOHKY

p11pyiom11x B11.U08, ttaxo.Ul!UI11XCll Ha cTa.umt He3a8epweHHoro 3aMemeHHll. Ha

np11Mep, q11cJIO B11.U08 cp11TonnaHKTOHa 8 HeKOTOphlX 03epax 60JJhWe qJiCJJa Hl1W 

.umi 3Tl1X 811,U08, 11 O.UHHM 113 803MO)!(HhlX o6bllCHeHl1H 3TOro .u11c6anaHCa MO)!(eT 

cn~11Th tte3a8eprneHHOCTh npouecca 3aMemeH115!. 

BhICOKoe 611opaJH006paJHe coo6mecrn n08hilllaeT 11x ycrniiq118ocTh 11 

cnoco6cT8YeT BhI)!(l18aeMOCTl1 811,U08/ nonynlll(11H. l138eCTHO, qTo qeM 60J1bllie 8 

coo6mecT8e 8H.U08, TeM 8hlllle cnoco6HOCTb TaKOro coo6meCT8a npOTHBOCTO

l!Tb pa3JI11qHhIM He6naronp115!THhIM B03,Ueì1:crn11l!M. 3Ta r11n0Te3a no.urnep.u11-

nach aHaJJH30M 6onh111oro Macc118a naJJeOHTonor11qecK11x .uaHHhIX. YqeHhIMl1 

6hIJIO ycTaH08JleHO, qTo naneocoo6mecT8a e 8blCOKl1M p0,U08hlM pa3HOo6pa311-
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eM cymeCTBOBaJIH B cpe;meM )lOJlhIIIe H BhIMHpa.rrH pe)l(e no cpasHeHHIO e po

)laMH, 061naBIIIHMH s 6onee npoCThIX coo6mecTBax [74). HanpHMep, ecnH .JlO

nycTHTh, •uo B coo6mecTBe cymecTsyeT TOJlhKO O)lHH BH)l XHIUHHKOB, oxorn

lUHHCll Ha MHOrHe BH)lhl )l(epTB, TO CHH)l(eHHe qHcJieHHOCTH O)lHOro H3 BH)lOB 

)i(epTB He CKa)l(eTCll Ha q11cneHHOCTH XHIUHHKOB, a OOTOMY OHH MOrYT 6e3 

ymep6a .JlJill ce6l! YHHqTO)l(HTh BhIMHpa10mHif BH.Jl. Ho ecn11 coo6mecTBo MHO

ros11)losoe, y Ka)l()l0f0 BH)la XHil.(HHKOB HHIIIH c~aIOTCll - Ka)l()lhlH OHTaeTCll 

orpaHHqeHHhlM n11meBhIM pecypCOM. IlpH CHH)l(eHHH B TaKOM coo6meCTBe 

qHcJieHHOCTH KaKoro-nH6o BH.Jla YMeHhIIIaeTCll KOJIHqecTBO cneuHaJIH3HpOBaH

HhIX XHil.(HHKOB H napa3HTOB, CJie)lOBaTeJihHO, BhIMHpaIOil.(HH BH)l-KOHKYPeHT 

nonyqaeT IIIaHC Ha BOCCTaHOBJieHHe. 11Hh1MH CJIOBaMH, )l(H3Hh B 6Hopa3H006-

pa3HOM coo6meCTBe, npH npoqHx paBHhlX ycJIOBHllX, CHH)l(aeT sepOl!THOCTh 

BhIMHpaHHll KOHKYPHPYIOIUHX BH.JlOB. Ecn11 s 3KOCHCTeMe Ha6n10)laeTcl! ysenH

qeHHe 6Hopa3H006pa3Hll, CJie)lOBaTeJihHO, 3TOT npouecc )lOJI)l(eH aKTHBHpOBaTh

Cll CHCTeMOH CJIO)l(HhlX nOJIO)l(HTeJihHhlX o6paTHhlX CBll3eH. HanpHMep, HHBa-

3HHHhie BH)lhl, C03)laBall HOBhJe HHIIIH )lJlll OOTOMKOB, crroco6CTBYIOT pa3BeTB

neHHIO nonyJilll\HH Ha pa3HhlX Tpoq:mqecKHX ypOBHllX, T. e. Bhl3hJBaIOT uenHyIO 

peaKUHIO BH)lOo6pa3oBaHHll nocpe.JlCTBOM annonarpHH H CHMnarpHH. TaKoif )!(e 

3cpcpeKT MO)l(eT Ha6JIIO)laThCll npH ycJJOBHH HHBeJJHposaHHll CHCTeMOH Heranrn

HhlX aHrponoreHHhIX B03)leifcTBHif (HanpHMep, caMooq11meHHe noqs). 

KaK 3TO HH CTpaHHO np03syq11T B KOHTeKCTe KJlacc11qecKoro noHHMaHHll 

KOHKypeHL{HH, KOOnepauHll BH)lOB cnoco6CTByeT CHH)l(eHHIO KOHKypeHL{HH. 

KaK Bhll!CHHJJOCh, 6011hIIIHHCTBO npHpO.JlHhIX ceTeif KoonepaTHBHhIX B3aHMO)leif

cTBHH xapaKTepH3yIOTCll BhICOKOH CTeneHhIO CJlO)l(HOCTH H MHOroypOBHeBOCTH 

B3aHMOCBl!3eif Me)l(.JlY 3JleMeHTaMH CHCTeMhl («BJlO)l(eHHOCTH»), T. e. npHpO)lHhle 

coo6mecTBa opraHH3osaHhI TaKHM o6pa3oM, qT06h1 MaKCHMaJJhHO yc1111HsaTh 

OOJlO)l(HTeJlhHhlH 3cpcjleKT, OKa3hIBaeMhlH KOOnepauHeif Ha BH)lOBOe pa3H006pa-

3He. Kor)la KaKoif-HH6y.1lh BH.Jl BHe.JlplleTCll B ~e cymecTBy10mee coo6mecTBo, 

sepOl!THOCTh Toro, qTo OH CMO)l(eT CTaTh ero OOCTOl!HHhIM qJJeHOM, 3aBHCHT, BO

nepBhIX, OT HHTeHCHBHOCTH KOHKYPeHTHOH 6oph6hI, a BO-BTOphIX, OT BhI6opa 

<<.1lpy3eif». IlpHIIIe11eu, KaK npaBHJJO, scrynaeT s coo6mecTBo B po11H cneuHa.rr11-

cTa (HanpHMep, eCJlH 3TO pacTeHHe, )lJlll Hero HaH.JlYTCll e)lHHHqHhie BH)lhl OOhl

JIHTeJJeif), no3TOMy )lJlll 3aKpenJJeHHll CBOHX 003HL{HH eMy He06XO)lHMO .Jlpy

)l(HTh c reHepa.rr11cTaM11 . B 3TOM c11yqae «npHIIIe11eu» cTaHeT «KocseHHhIM .Jlpy

roM» MHOfHX .Jlpyrnx pacTeHHH, H KOHKypeHTHOe )laBJleHHe 6y)leT oc11a611eHO. 

Ec11H )!(e eMy y.JlaCTCll «OO.JlP~HThCll» co cneu11a11HCTOM, cKopee acero, )laHHhrif 

BH)l He npH)l(HBeTCll B )laHHOM coo6mecTse. C11e)lOBaTeJlhHO, BH)lOBOH COCTaB 

coo6meCTBa 6y)leT nOOOJIHl!ThCll npeHMymeCTBeHHO 3a cqeT nO)l)lep)l(aHHll Bhl

COKOfO ypoBHll «BJJO)l(eHHOCTH» CTPYKTYPhI KoorrepaTHBHhIX CBl!3eif BXO.Jlllll.(HX s 

coo6mecTso nony11HI.1HH. TaK, CHM6HOTHqecKHe s3aHMOOTHOIIIeHHll Me)l(.JlY 

pacTeHHl!MH H HaCeKOMhIMH MOrYT CfJla)l(HBaTh HeraTHBHhlH 3cpcpeKT KOHKypeH

l\HH BHYTPH Ka)l()lOH H3 .JlByx rpynn. Oco6eHHO qeTKO 3TOT 3cpcpeKT npollBJJlleTcl! 

B TOM c11yqae, eCJlH Ka)l()lOe pacTeHHe Onh!JllleTCll BCeMH BH)laMH HaceKOMhlX. 
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flpH 3TOM ;:(IDI KalK,llOro BH.l(a pacTeHHH OCTaJJbHhie pacTeHHH 0Ka3b!Ba!OTCH He 

TOJlbKO sparaMH-KOHKypeHTaMH, HO H «KOCBeHHbIMH .npy3hHMH», ITOTOMY tfTO 

OHH ITO.l(KapMJJHBaIOT CBOHM HeKTapoM HaceKOMbIX, OITb!JlHIOU(HX .naHHOe pacTe

HHe. AHaJJH3 MO.l(eJJH ITOKa3aJJ, tfTO CYMMapHOe tfHCJIO BH.l(OB, KOTOphie MOrYT 

}')KHThCH B coo6mecTse, 3aBHCHT oT 4Hcna MYTYaJJHCTHtfeCKHX CBH3efi, Hx CTPYK

TYPhI H «BJJO)!(eHHOCTH» (nestedness). ::ho 03HatJ:aeT, tfTO BH.l(hI-crreuHaJJHCThI, 

HMeIOU(He MaJJO <<,n:py3eH», .l(OJl)!(Hbl KOOrrepHpOBaTbCH e BH.l(aMH-reHepaJJHCTa

MH (y KOTOpblX «,llpy3eH» MHOro), H Hao6opOT [75]. 
EcnH HeKOTOphie H3 KoorrepaTHBHhIX B3aHMo.nei1cTBHH B CHCTeMe ycHJJ5!T

C», 3TO MO)!(eT .naTh COOTBeTCTBYIOIIJHM BH.l(aM 60JJbillOe rrpeHMyIIJeCTBO B KOH

KypeHTHOH 6opb6e CO BCeMH OCTaJibHhlMH BH.l(aMH, y KOTOpblX B3aHMOBbff0.l(

HbJe CBH3H OCTaJJHCb cna6h!MH. B pe3yJJhTaTe BH.l(hl, CBH3aHHbie CHJlbHhl MH 

B3aHMO.l(eHCTBHHMH, 6hICTp0 BhITeCHHT scex CBOHX KOHKypeHTOB. 3TO 03Hatfa

eT, 4TO pe3KOe ycHJJeHHe rrorryJIHUHOHHOH KOOrrepaUHH y 0.l(HHX coo6mecTB 

TeopeTHtfeCKH MO)!(eT rrpHBO.l(HTb K BbJTeCHeHHIO JJ.pyrHx rrorryJJHUHH, L(a)!(e K 

HX BblMHpaHHIO. He HCKJJIOtfeHO, 4TO ITOL(06Hhle rrpouecChl ChlrpaJJH orrpe.ne

JJeHHYIO pOJJb B KOHUe Me3030H - Haqane KaHH0305! . B cepe.l(HHe MeJJOBoro rre

pHOL(a IT05!BHJJHCh ITOKpbITOCeMeHHbie pacTeH HH, y KOTOphIX, BH.l(HMO, CJJO)!(H

JlHCb IIpO'lHhJe KOOIIepaTHBHhJe OTHOWeHH5! e HaceKOMhIMH-OIThlJlHTeJI5!MH H 

MJJeKOIIHTaIOU(HMH - pacrrpocTpaHHTeJJ»M H ceM5!H. A .l(HH03aBphI, rrpeJJ.rrono

)!(HTeJJhHO, He CMOrJJH BCTYITHTh BO B3aHMOBhir0.l(HhJe OTHOWeHHH e HOBblMH 

.l(OMHHHPYIOlllHMH pacTeHHHMH. 

KcTaTH, B CHCTeMe CB5!3eH «XHIIJHHK - )l(epTBa» CHryaUH5! rrpOTHBOITOJl0)!(

Ha51: .l(llil CHH)!(eHH5! KOHKypeHUHH CTeneHb «BJJO)l(eHHOCTH» KoorrepaTHBHhIX CB5!-

3eH .l(OJI)!(Ha 6hITh HH3KOH. PaccM0Tp11M L(Ba sap11aHTa. BcryrraIOIIJHe B coo6me

CTBO HOBhie BH.l(bJ/ rronyJJ51UHH )l(epTB He 3aHHTepecosaHhl B TOM, 1ff06bI Ha HHX 

OXOTHJICH XHU(HHK-reHepaJJHCT, IlOTOMY 4TO 3TO MO)l(eT rrpHBeCTH K o6ocTPeHHIO 

HX KOHKypeHUHH e L1pyr11MH )!(eprnaM11. B pe3yJJhTaTe pocT tfHCJieHHOCTH o.nttoro 

H3 BH.l(OB )!(epTB rroBJJH5!eT Ha pocT 4HCJJeHHOCTH XHIIJHHKa, YMeHhWHT .nocryrr

HhIH pecypc, H TeM caMblM BTOpOH KOHKypeHTHblH BH.l( )l(epTB Ha4HeT BhlMHpaTb. 

EcnH )!(e «rrpHweJJhUeM» 5!BJIHeTC5! XHIIJHHK, eMy BhirO.l(HO IIHTaThCH )l(epTBaMH

«crreuHaJIHCTaMH», T. e . TeMH, KTO He CJI}')KHT IlHU(eH 60JJbWHHCTBY .npyrHx 

XHU(Hl:IKOB B .naHHOM coo6mecrne. TeM caMblM HCKJIIOtfaeTCH KOHKypeHUHH e 

JJ.pyrHMH XHU(HHKaMH H o6ecrre4HBaeTC5! KOpMOBa5! 6a3a [76]. 

TaK11M o6pa30M, MaKCHMa!lbHOe 011,D,osoe pa3H006pa311e MO>KeT 6b1Tb ,D,ocr11r

Hyro B TOM CJiy4ae, eCJ111 KoonepaT118Hb1e CBSBl1 npe,D,enbHO pacw11peHbl (Ka>K

AblH APY>Kl1T co 0ceM11, e KeM TOJJbKO MO>KHO), a CBH311 «Xl11.J..1Hl1K - >Keprna», Ha

o6opor, npe,D,eJJbHO cy>KeHbl (Ka>K,D,blH 811,ll, X111.J..1Hl1K08 OXOTHTCSl TOJl bKO Ha O,ll,11H 

811A >Keprn). B CJIO>KHOM coo6111ecrne reopern4eCKl1 AOJJ>KHbl cy1.J..1ecr000arb 60-

nee 3cjJcjJeKT118Hble MexaHl13Mbl noAAep>KaHl1s:! pa8HOBeCHSl , OCH08aHHble Ha 

np11Hu11ne orp11u.areJJbHOH o6paTHOH C8Sl3H: pocr pa3H006pa311s:! C0061.J..1eCTB 

BeAeT K pocry 11X ycTOH41180CT11, 4TO cnoco6CT8yer CHl1>KeH11IO CKOpOCTH 11X 8bl

M11paHl1Sl 11 AaJJbHeiliweMy pocry 611opa3Hoo6pa311s:1. 
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Cnoco6b1 pa3MHOJ/CeHuR. lhBeCTHO, tiTo ocofo1 cnoco6Hbl pa.3MHm1<aTbCll 

6ecnOJJblM 11Jll1 llOJIOBblM rryTeM. Tiptt 6ecrrOJIOM pa3MHO)!(eHHfl pocT 'lf!CJieH

HOCTfl Bf!,lla 3aBf!Cf!T, B OCHOBHOM, OT HatiaJibHOH LJf!CJieHHOCTfl Bf!,lla, KJif!MaTH

tieCKf!X 11 reorpaqmtieCKf!X cpaKTOpOB, HaJJfl'lflll f( 'll1CJieHHOCTl1 KOHKypttpyIO

ll\flX Bfl,llOB. Tiptt llOJIOBOM pa3MHO)!(eHf!fl KOHKypttpyIOll\f!X Bfl,llOB cyrueCTByeT 

pll.LI orrpe,11eJIHJOruttx ycJIOBHtt [77]: 

1. CooTBeTCTB11e TeppttToptttt 06ttTaHm1 Btt,11a tt nottcKa KOHcrreuttcptttiHoro 

rrapTHepa. ITptt MaJibIX TeppttTOp11l!x pacceJieHttll ( OTHOCHTeJibHO Tepptt

Top11tt ll011CKa llOJIOBOro rrapTHepa) CKOpOCTb BbJTeCHeHf!ll 0,llHHX KOHKY

pttpyIOll\f!X BH.LIOB ,11pyrttMtt, B ueJIOM, rrocTOl!HHa. Copa3MepHOCTh 3THX 

Tepp11T0p11H rrpttB0,1111T K 6oJiee ycTOH'lf!BOMY cocyrueCTBOBaHf!IO Bfl,llOB. 

A rrptt BeJitt'lttHe TeppttToptttt pacceJieHttll 6oJibWett, tieM pa,11nyc rrottcKa 

llOJIOBOro napTHepa, rrptttif!HOH COKparueHflll 'lf!CJieHHOCTfl Bf!,lla MO)!(eT 

6bJTh OTCYTCTBtte rroJIOBhIX rrapTHepoB B pa,11nyce rrottcKa. EcJitt )!(e Tep

pttTop11l! pacceJJeHf!ll Bf!,lla 3Ha'lf!TeJibHO rrpeBOCX0,1111T TeppttTOpHIO llOf!C

Ka llOJIOBOro rrapTHepa, TO rrepcrreKTf!Bbl Bbl)!(f!BaHl1ll, B 3Ha'lf!TeJibHOH 

CTerreH11, 3aBHCl!T OT JIOKaJJbHOH llJIOTHOCTfl BH,lla: tieM MeHbille JIOKaJihHall 

llJIOTHOCTb, TeM MeHbille BepOl!THOCTb HattTfl llOJIOBOro rrapTHepa. 

2. Pa3Mepbl o6ruero 6noreouetto3a: tieM 6oJihWe pa3Mep 3KOcttcTeMhI, TeM 

6oJiee ycTOHLJ11BO cocyrueCTBOBaHtte KOHKypttpy10ru11x B11,llOB. 

3. HatiaJJbHall nJIOTHOCTh Btt,11a/rrorryJIHUl1H cyruecTBeHHa TOJJbKO rrptt rroJio

BOM pa3MHO)!(eHf!fl, 'ITO CBl!3aHo e Hl13KOH HatiaJibHOH llJIOTHOCTblO rrorry

Jll!Uf!M fl, COOTBeTCTBeHHO, rra,11eHMeM sepOl!THOCTfl HaXO)!(,lleHml llOJIOBOro 

rrapTHepa. B pe3yJihTaTe KOHKypttpyIOrutttt BH,ll rroJiytiaeT l!BHhie rrpettMy

rueCTBa Ha CTapTe. 3To ycJIOBl1e oco6eHHO 3Hatif!MO B CJiytiae f!HBa.3f!HHb!X 

BM,llOB. qpe3BbILJaHHO BbICOKOe pa3H006pa3He 11 llJIOTHOCTb ,11epeBbeB BO 

BJJa)!(HOM TPOITtttieCKOM JJecy (Ha O,llHOM reKTape MO)!(eT 6b1Tb 6oJiee 300 BH

,noB) rropO)!(,llaeT KOHKypeHUMIO, rrpe)!(,lle BCero 3a CBeT. Ka3aJJOCb 6b1, rrpe

ttMyruecTBO B ,llaHHOM cJiytiae ,ll0Jl)!(H0 6hITb 3a MHOrO'lf!CJieHHbIMfl Bf!,lla

Mfl. 0,llHaKo llOCKOJibKY MHO)!(eCTBO pe,llKMX Bl1,llOB B TpOllM'leCKl1X Jiecax 

rrpo,llOJI)!(aJOT cyrueCTBOBaTh, O'leBH,llHO, 'ITO eCTb MexaHH3Mbl, crroco6-

CTBYIOIU11e 11x ITO,ll,llep)!(aHttJO. CornacHo zunòme3e j(:HCeH3eHa-Konne.na, 
y Ka)!(,llOro s11,L1a pacTeH11tt cymecrnymT CBOH crreumpntieCKtte Bparn ()!(11-

BOTHbie qmTocpar11 11JI11, 'ITO tiame, rraToreHHhie rpn6h1 11 L1pyr11e M11KpO

opraHl13MbI). )J,orrycTHM, llJIOTHOCTb OT,lleJibHOro Bf!,lla ,llOCTaTO'IHO Bb!COKa. 

B 3TOM CJJytiae B03MO)!(HbI ,nBa sapnaHTa: ecJitt 3TO ycTrnrnwnecl! rrorryJill

u1111, TO, BepOl!THee BCero, OHl1 «Bb1pa60TaJI11 rrpOTl1BOll,llMe» K rrapa311TaM, 

a eCJIH 3TO «rrp11weJibUbI», TO OHl1 e 60JibllleH BepOl!THOCTblO MOrYT 6hITb 

rro,llBep)!(eHbI crreu11cp11tiecK11M spe,llttTeJJllM. TaKttM o6pa30M, BH,[(hl, OTJI11-

tia10runecl! 6oJI·bWOH 'lf!CJJeHHOCTblO Ha paHHMX CTa,llMRX, KaK MeHee rrp11-

crroco6JJeHHble K HOBbIM ycJJOBl1l!M, MOrYT rn6HYTb LJame, tieM rryCTb ,lla)!(e 

MaJioLJ11cneHHb1e, HO BH,llhI-a6op11rettb1. EcJI11 )!(e pacTeH11l! ,naHHoro BH,lla 

pa36pocaHbl llOO,llf!HO'IKe Ha 60JibllIOH Tepp11Top1111, «.no6paTbCll» ,110 HHX 
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naroreHHhIM opraHH3MaM ropa3.UO rpy,nHee. TaKHM o6pa30M, KOHKypeHUH51 

3a CBeT B TPOIIHKax, B qacTHOCTH, MO)!(eT JIHMHTHpOBaThCH IIJIOTHOCTblO 

nonyJIHUHHI BH,UOB, a.uanTau11eì1 H 4:HCJieHHOCTblO cneumpH4:eCKHX sparoB. 

4. CKOpOCTb pa3MHO)!(eHHH H 4:HCJieHHOCTb IIOTOMCTBa BH,UOB TaK)!(e BJlHHeT 

Ha CKOpOCTb Bb!MHpaHH51 np11 KOHKypeHU11H . lieM 60Jlbll!e 4:11CJleHHOCTb 

IIOTOMCTBa, TeM 6b!CTpee Bb!M11pa!OT BH,Ubl KaK npH DOJlOBOM, TaK H np11 

6ecno110M pa3MHO)!(eH1111. TaK, np11 no11000M pa3MHO)!(eH1111 11 nno.nos11To

cT11 B I o DOTOMKOB Ha O.UHY napy BbJM11paH11e KOHKyp11py10m11x BH,UOB 

npo11cxo,n11T 3a nepBb!e 50 DOKOJJeHl1H, B TO )!(e speMH np11 4 IIOTOMKaX Ha 

napy - K 150-My noK011eH1110. IIp11 6ecno110M pa3MHO)!(eHHl1 I 011.n ocTa

eTcH Ha 250-M 11 400-M DOKOJleHl1HX COOTBeTcTBeHHO (77]. 

,l{uqxjJepe11lJUalJUR pecypcoB. B ecTecTBeHHbIX 3KOCl1CTeMax qame acero 

Tepp11Topm1 6hIBaeT 3aceneHa MHO)!(eCTBOM Bl1,UOB. llttor.ua B TaKl1X c11yqa51x 

cpa6aTb!BaeT np11HU1111 KOHKypeHTHOro HCKJll04:eHHH, HO HHOr,na Bl1,UaM y.uaeT

CH Haì1T11 cnoco6 cocymecTBOBaH11H 11 pacnpe.neneH11H pecypcHoì1 6a3hI, Ha

np11Mep, 3a C4:eT òurjJrjJepe11ZJUp06aHUR 3K011UU1U. 
IIpe.n110110)!(11M, 4:TO B 3Koc11cTeMe HMelOTCH .usa 011.na, KOHKyp11py10m11x 

3a pecypchI. .[(aJJee npouecc MO)!(eT pa3BHBaTbCH 110 c11e,ny10lllHM cueHapH»M : 

I. Ko1111qecTBO Heo6xo,n11Mb1x pecypcos OKa3brnaeTCH He,nocTaTO'-IHO .nm Bbl

:>1rnsaHH5! 06011x Bl1,UOB, 4:TO nopO)!(,UaeT yc1111eH11e KOHKypeHUl111, n1160 pe

cypCHOH 6a3bl ,UOCTaTO'-IHO ,UJlH Bbl)!(l1BaHJrn TOJlbKO 0,UHOro BH,Ua, Tor.ua 

BTOpoì1 BH.U o6pe4eH Ha BblMHpaHHe. 8 TOM H .npyroM c11yqae cpa6aTb1BaeT 

npHHUHll KOHKypeHTHOro 11CKJllOLJeHHH. 

2. PecypcHaH 6a3a .nocrnTOLJHa ,UJJH BbJ)!(HBamrn 06011x 011.nos. B 3TOM c11y-

4ae 011,nb1, KOHKyp11py10m11e 3a 06m11e pecypcb1, MoryT cocymecTBoBaTb 

TOJlbKO npH ycJIOBl111 orpaHl14:eHl1H pa3Hb!Ml1 cpaKTOpaMH, T. e . m1cpcpe

peHu11py» H11ll!H. Ec1111 3 Tl1 orpaHl14eHl1H CH11Ma!OTCH, Hapywa eTCH COOT

HOWeH11e Bl1,UOB B 3KOCl1CTeMe. B OilbITax, npose.neHHbIX B 3anose,nH11Ke 

Ce_n)!(Bl1K (Sedgwick Reserve) np11 Ka1111cpoptt11ì1cKoM ytt11seprnTeTe, 111y

LJa1111 paCTl1TeJlbHb!e coo6mecTBa B ycJIOBHHX He,UOCTaTOLJHOCTl1 11 ,UOCTa

TOLJHÒCTl1 pecypca. Ha n11oma.nK11, 1aH5!Tbie 11yrosoì1 pacTHTeJJhHOCThlO, B 

pa3Hb!X KOM611HaUl1HX .uo6aBJl51Jll1 3JieMeHTbl MHHepallbHOro Il11TaHl151 -

a30T, cpoccpop, KaJJHH, MarHl1H, KaJlbU11H , BO.Uy, a KOHTpo11eM CJiy)!(HJlH 

n11oma,UKl1, OCTasasw11eCH 6e3 y.uo6peHl1H 11 ,UOIIOJlHl1TeJibHOro IIOJlHBa . 

.[(06a011eH11e pecypCOB np11se110 K yseJI114:eH1110 nepB114:HOH npo.nyKUl1H 

11 conpoBO)!(,UaJIOCb oco6o 6ypHb!M pOCTOM e,Ul1HCTBeHHOro 011.ua 3JiaKOB 

(KOCTpa Bromus diandrus), HO q11cneHHOCTb .npyrnx 011.uos YMeHhWl1-

11ach [78]. B 4:eM )!(e np11411Ha? A np11LJ11Ha s TOM, LJTO cpa6aThrnaeT sce 

TOT )!(e npuHlJUn K011Kype11m11020 ucKJ110l/e11uR. C11e.uosaTeJJbHO, ec1111 Ka

KOH-TO pecypc HaXO,Ul1TCH B 1136b!TKe, y 4:JleHOB coo6mecTBa HeT B03-

MO)!(HOCTl1 «pa30HTl1Cb 110 ,naHHOMY cpaKTOpy», T. e . noTpe6JJHTb ero 

60JJbWe 111111 MeHbWe. 
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lt1 ei.ue: no-BHAHMOMy, B CTa6HflbHOÌ1 cj>a3e pa3BHTH5l npeo611aAaeT BHyrp11s11-

AOBa5l KOHKypeHL1H5l, TOrAa KaK B 0611arr11 pe3KHX nepeXOAOB AOMHHHpyeT 

Me)f{811AOBa5l. 

5.2.2.3. Xmu;HHK - )K'.epTBa 

He MO)l(eTe noMeW8Tb TOMy, 4T06bl B8C npor110-
H1/\l1 - nocrapafirecb xorn 6b1, 4T06b1 Bac He Mor1111 
nepesap11Tb. 

>KaH->KaK Pycco 

«XUU{HUK - J!Cepmea» (<<X- )K») - caMbJe IIp11Ml1Tl1BHbJe 6110T11qecK11e 

OTHOUieHml MeJKJ:Xy opraH113MaMl1, IIp11 KOTOpbIX O,Ul1H 113 Hl1X (X111l{H11K) IIO

Tpe6m1eT B Kaqecrne n11m11 .upyroro ()!(eprny) . Eanattc Me)!(.uy x11mtt11KaM11 11 

)!(epTBaM11 y lKl1BOTHbIX no.u.uep)!(11BaeTC.R cneu11aJibHhlMl1 MexaHl13MaMl1, 11c

KJI10qa10ll{l1Ml1 IIOJIHOe l1CTpe6nem1e )!(epTB : CKOpOCThlO nepeMemeHl1.R, 3a

ll{l1THOH OKpaCKOH (M11M11Kp11.R, ornyrnsal011{11H .RpK11H OKpaC), aKTJ1BHOH 060-

pOHOH (pora, KOIIhJTa, 11rnb1), rpynn11posaH11e oco6eH: 11 T . .u. 

XuU{HUKU KJIGccuefJu11upy10mcR no òeyM npUHlJUnGM: 

I. PaJ.ueneH11e no maKcoHoMu'-lecKoMy npuH11uny B caMOM o6meM s11.ue npe.u

nonaraeT cymeCTBOBaH11e Tpex rpynn X111l{Hl1KOB: co6cTBeHHO Xl11l{Hl1KOB, 

11Jil1 IIJIOTO.R,UHhIX, II11Tal011{11XC.R )!(11BOTHblMl1, pacT11TeJJbHO.R,UHhIX, n11-

Ta10ll{l1XC.R pacTeHl1.RMl1, 11 BCe.R,UHhIX, IIJ1Tal011{11XC.R 11 )!(11BOTHOH, 11 pac

Tl1TeJibHOH n11meH:. 

2. B ocHose cjJyHKlJUOHQJlbH020 npuH11una JJe)l(11T pa3.uenett11e no npo,UOJJ)l(11-

TeJihHOCT11 KOHTaKTa Xl11l{Hl1Ka 11 )l(epTBhl, JieTaJibHOCTl1 B3al1MO,UeHCTBl1.R 

,UJI.R )l(epTBbl 11 q11cny )l(epTB, aTaKyeMbIX Xl11l{Hl1KOM B Teqett11e ero )1(113Hl1. 

Tpa.u11u110HHO BhI.UeJI.RJOT [79]: 
- 11CTl1HHhIX Xl11l{Hl1KOB, y611Ba10ll{l1X B Teqett11e )1(113Hl1 60JJhUIOe q11cno 

)l(epTB (X111l{Hhle MJieKOIIl1Tal011{11e, Xl11l{Hhle pacTeHJ1.R, HeKOTOphie rp116b1) ; 

- XJ11l{Hl1KOB nacT611mHoro Tl1IIa IIJ1TaHl1.R, Hana.uaJOl1{11X B TeqeH11e )!(113-

Hl1 Ha 60JJhllIOe q11cno )!(epTB, O,UHaKO o6bJqHo Cbe,Ual011{11X JJl1lllb qacTh 

)!(epTBhl , KOTOpa.R MO)!(eT OCTaBaTbC.R )l(J1BOH (MHOr11e )l(BaLJ:Hhie MJJeKO

IIl1Ta10m11e, Kposococym11e .UBYKphlJlhie HaceKOMhie ) . 

.lJ:aHHhIH Tl1II TpoqmqecKl1X OTHOUieHl1H, KaK 11 sce OCTaJJbHbie, onpe.ue

JI.ReTC.R 6anaHCOM scex ypostteìi rporjJ11LJ:ecKoìi uen11, npocrpaHCTBeHHOH crpyK

rypoìi 611oueH03a 11 cTpyKTypHo-rpyttKU110HaJJhHhJMtt oco6el\HocrnMtt nony

JJ.RUttìi n apeana o6nrntttt.R. Ho cymecTBYIOT n oco6b1e xapaKTep11cT11Ktt .uatt

Horo T11na. 

B cucmeMe «X- JK» cyU{ecmey10m KORe6aHuR òeyx epeMeHHblX Macwma6oe: 

I. Kone6aHtt.R q11cneHHOCT11 Xtt!UHl1KOB tt )!(epTB (6hlcrpb1e ttJJtt 3Konor11qe

CK11e Kone6aH11.R). PasHosecttoCTh B cttcTeMe «XH!UHttK - )l(epTBa» Ha11-
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6onee nerKo .uocnrraeTcl! rrpH Hanwm1:1 B rrmuesoif uem1 He MeHee TPe x 

3BeHbeB (ttarrpHMep, MOpKOBb - 3am.1 - JIHCHUa), rrpH 3TOM ITJIOTHOCTb 

rrorryJillUHH cpHTOcpara peryn1:1pyeTCll B3al:IMOOTHOllleHHl!Ml:I KaK e Hl:IJK

HHM, TaK 1:1 e sepxHHM 3BettoM rrmuesoìi uerr1:1 . 

B 3aBHCHMOCTH OT oco6eHHOCTett JKepTB l:I THrra XHIUHHKa (HCTHH

HbIH, rraCT6HIUHHK) B03MOJKHa pa3Hal! 3aBHCHMOCTb .UHHaMHKH l:IX rrorry

JlllUHH. IIpH 3TOM KapTHHa OCJIOJKHl!eTCll TeM, 'ITO XHIUHHKH O'IeHb pe.UKO 

6bJBaIOT MOHocparaMH (T. e. ITHTaIOIUHMHCll O.UHHM BH.UOM JKepTBbl). qarue 

scero, Kor;ua HCToruaeTCll rrorrynllUHll o.uttoro s1:1;ua JKepTBbI 1:1 ;uo6b111a Tpe-

6yeT CJil:llllKOM 6oJibllll:IX 3aTPaT CHJI, XHIUHHKH rrepeKJIIO'IaIOTCll Ha .upy

r1:1e BH.UbI JKeprn. KpoMe Toro, o.ntty rrorrym1u1:110 JKepTB MOJKeT ::iKcrrnya

THposaTb HeCKOJibKO BH.UOB XHIUHHKOB. TI03TOMY xopolllO 3HaKOMa51 Ma

TeMaTH'IeCKall MO.UeJib JloTKH- BOJJbTeppbl, He Y1Jl:!Tb1Ba10ruall KOpMOBYIO 

6a3y cpe.uttero 3BeHa TPOcp1:111ecKott uerrH - JKepTBbI, tte rronttocTbIO oT

paJKaeT c1:1ryau1:110. K xopolllo sceM 3HaKOMOMY TaH.UeMy (rryrrbc1:1py10ruall 

'Il:ICJieHHOCTb rrorryJillUHH JKepTBbl , 3a KOTOpo tt e orrpe.uerreHHbIM 3arra3.Ubl

BaHHeM rryJibCHpyeT 'Il:ICJieHHOCTb nonyJillUHH XHIUHHKa) .UJill OTpaJKeHHll 

peaJibHOCTH He06XO.UHMO .uo6aBHTb .UHHaMHKY H3MeHeHHll nepsoro 3BeHa 

uerr1:1. HeMany10 ponb B 3THX Kone6aHHHX HrpaIOT p a ttee paccMOTpeHHbie 

ttaM1:1 CTPaTer1:11:1 pa3MHOJKeH 1:1H: .UJIH JKepTs, KaK npas1:1no, np1:1op1:1TeTHOtt 

OKa3bIBaeTCll r-CTPaTerHll, a .l(Jlll XHIUHHKOB - K-cTpaTerHll . 

Ho ecn1:1 He yq1:1TbIBaTb cy6cTPaT, 'IHCJJeHHOCTb 06e1:1x nonynllUHtt 

l:l3MeHl!eTCll UHKJIH'IeCKH: rrpH y seJJH'IeHHH nonyJillUHH JKepTB B03paCTaeT 

BepOl!THOCTb l:IX BCTpeq e XH lUHHKaMH, H, COOTBeTCTBeHHO, pacTeT norry

Jll!Ul:lll XHIUHHKOB; HO pocT nonyJillUHH XHLUHHKOB npHBO.l\l:IT K COKparue

Hl:IIO nonyJillUHH TpaBOll.L\Hbl X , 'ITO se.ueT K CHHJKeHHIO 'Il:ICJieHHOCTH no

TOMCTBa Xl:IIUHHKOB, a 3TO ITOBbJlllaeT 'IHCJIO TpaB051.l(HbIX l:I T . .u. 

TaKHM o6pa3oM, XHLJ..IHHKH srnmuorrn Hai.16onee AeHCTBeHHblMH «MexaHH3Ma

MH» ecrecrseHHOro or6opa - npol(ecca, cnoco6crsy10LJ..1ero Bbl>KHBaHHIO H npe

HMy111ecrseHHOMY pa3MHO>KeHHIO 6onee npHcnoco6neHHblX K YCllOBH5lM cpeAbl 
oco6eH, 06na,na10LJ..1HX none3HblMH HaCJleACTBeHHblMH npH3HaKaMH. 

2. Kone6att1:15! reHeT1:111ecKoro cocTasa nonynHUHtt (Me,nneHHhie 1:1n11 3BOJIIO

u1:10HHhie KOJie6aH1:15!). )l{epTBhI, MYTHPY51, YAfeHblllaIOT sepol!THOCTh 6hITh 

Cbe,neHHbIMH, XHIUH11Kl:I JKe, B pe3yJibTaTe MyTau1:1ì1 B TOM JKe ycJIOBHOM 

HanpasneH1:11:1, ysen1:1111:1sa10T sepo51THOCTb noe.uaHHll JKepTB. AMnJI11Ty.ua 

KOJie6aHHH cpe.uHero reHOTHna JKepTB Bblllle, 'IeM y Xl:llUHHKOB, a xapa KTep 

Kone6am1ì1 HHor.ua HMeeT cpopMy .usyx arrpaKTopos B 06nacT11 M11H11MaJJb

Horo 11 MaKc11MaJibHoro 3Ha11eH11ì1 rettoT11nos. B TO JKe speMll Kone6aH115! 

cpe.uHero reHOTHna x11rutt11KOB 11MeIOT MeHblllYJO aMrrn11ry.uy, x apaKTep KO

ne6aH11tt onpe.uenlleTCll 1111cneHHOCTbIO JKeprn. (He11To no.uo6Hoe Hatt,neHo 

B rrp1:1po.ue B Cl:ICTeMe «rrapa3HT - X03lll1H», a HMeHHO, BO B3al:IMO.UettCTBl1-

l!X .uacpttHtt (Daphnia magna) 11 HX 6aKTepHaJibHbIX napa3HTOB (Pasteuria).) 
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IlpHMepoM 3TOH «aCHMMe'I"pHH ,11aBJ1eH1rn OT6opa» Moryr CJI}')KHTh nepHO,llH

qecKHe UHKJihI UHKa,llhI Magicicada (13-mITIUIH ~ BH,lla Mtridecium H 17-JieTIUIH 

JlJrn M septendecium). Ka)!(,J:{aH oco6h nposo,11HT 17 (HJIH 13) JieT B cpopMe no}l-

3eMHoì1 JIHqHHKH, 3aTeM H3 Hee fiOHBJIHeTCH B3pOCJiaH penpO,ll}'KTHBHaH cpopMa, 

KOTOpaH nocJie 3TOro )'MHpaeT, H B Ka)!(,llOM KOHKpeTHOM perHOHe Bee UHKJihl 

)!(J13HH XHlllHHKOB, )!(epTB H napa3HTOB CHHXpOHH3HpOBaHbl. B 3TOM H COCTOHT 

HX cpyttKL(HOHaJihHOe 3HaqeHHe. Ilo3TOMY ,llJIH CHHXpOHHOH oco6H pHCK MeHhIIIe, 

qeM y TOH, KOTopaH BhJ6HsaeTCH H3 o6mero l(HKJia H IlOHBAAeTCH, CKa)!(eM, Ha ro,11 

paH&IIIe. CornaCHo Teopww, nepexo,11 UHKa,11 e 13-JieTHero UHKJia Ha 17-neTHHtt 

6hJJI CBH3aH e He06XO,llHMOCTh!O «60ph6bI» e ,11peBHI1M XHlllHHKOM (HJIH napa311-

TOM) . B pe3yJI&TaTe qero cneuwanmwpoBaHHhie opraHl13MhI BhIMepnw [80). 

3aHu BhJHY)!(,lleH 6e)!(aTh 6hICTpee JIHChl, IlOTOMY qTo OH «6e)!(HT 3a CBOeì1 

)!(H3Hh!O, a JIHCa TOJihKO JIHIIlh 3a CBOHM 06e,110M». B onrnqwe OT noì1MaHHOro 

3aiiua, JIHCa MO)!(eT pa3MHO)!(aTbCH, ,lla)!(e eCJIH He noì1MaeT 3aì1ua. Il03TOMY 

MYTau1m, npHBO,llHUlHe K CHH)!(eHHIO CKOpOCTH 6era JIHChI, MOrYT ,llOJihIIIe 3a

,11ep)!(HBaThCH s ee rettocpoH,11e, qeM attanorwqHhie MYTauw11 B reHocpoH,11e 3aii

ua. II JIHChl MOryT OTBJieKaTb CBOH retteTwqecKHe pecypCbl OT a,11anTal(HH, CBH-

3aHHhlX e 6hICTph!M 6eroM, B fiOJih3Y ,11pyrwx a,11anTal(HH - peaJihHaH acHM

MeTpHH BeJI11qHH ,11aBJieHHH OT6opa [80). 

Ba)!(HYIO poJib B CHCTeMe OTHOIIIeHHH «X-)1(» Hrpa!OT 3TOJIOr11:qecKHe 

oco6eHHOCTH BH,llOB, Haw6onee 3HaqHMh!MH H3 KOTOpbIX HBJIHIOTCH TeppHTOp11-

aJihHOCTh, o6mecTBeHHhlH o6pa3 )!(H3HH H np11Hl(I1fi BhI6opa XHll\HHKOM )!(epTBhl. 

MbICJih o TOM, qTo )!(HBOTHhie 3amwma10T TeppHTOpH!O, KOTopy10 OHH HCilOJih-

3YIOT JlJIH BbJBe,lleHHH nOTOMCTBa, IlOHCKa fiHlllH HJIH cnapHBaHHH, 6&JJia Bnep

Bhle BhlCKa3aHa MaJIOH3BeCTHh!M aHrJIHHCKHM fiTHL(eBO,llOM r. 3. roBap,JIOM 
(20-e rr. XX B.). TeppwropwaJI&HOCTh y pa3HhIX BH,JIOB npoHBJIHIOTCH no-pa3-

HoMy. EcJIH Mb! paCCMOTpHM TeppHTOpHaJibHbie napbl, TO MO)!(HO OTMeTHTh, 

qTO OJlHH H3 HHX HCfiOJih3YIOT TeppHTOpH!O ,JIJIH cnapHBaHHH, BhJBe,JieHHH no

TOMCTBa H ,1106&1BaHHH fiHlllH, ,11pyrwe - ,llJIH cnap11BaHHH H BhIBe,JieHHH fiOTOM

CTBa, a ,1106&IBaHHe fiHlllH se,JieTCH Ha TeppHTOpHH coo6meCTBa, TpeTbH -

TOJihKO ,JIJIH cnap11BaHHH . 

3ronornqecKHe oco6eHHOCTH XHlllHHKOB (napa3HTOB) H )!(eprn HHTepeCHhl 

TaK)!(e e TOqKH 3peHHH HX «3KOHOMJ1qHOCTH». 3BOJIIOL(HOHHhie npeHMymecTBa 

o6pa3a )!(H3HH Bh!BO,llKOBhIX napa3HTOB oqeBH,llHhl H o6bHCHHIOTCH npe,11-

a,11anTal(HHMH H qepe,11oì1 nocne,11y10mwx a,11anrnu11:ì1. BhIBO,llKOBhitt napa3HTH3M 

BKJIJOqaeT He TOJihKO cymeCTBOBaHHe B rHe3,Jie X03HHHa, H}')KHO eme npocoqHTh

CH CKB03h 3amwry pO,llHTeJihCKOro HHCTHHKTa X03HHHa. 0,11Ha H3 TaKHX a,11anTa

l\HH - MHMHKpHqecKaH OKpacKa Hì1ua. Xo3HeBa noTeHUHaJihHO cnoco6HhI K 

3pHTeJihHOMY Bh!HBJieHHIO BhJJIYilHBIIIHXCH napa3HTOB, KOTOphie He TOJihKO pac

l(BeTKOH, HO qaCTO 11 pa3MepaMH 3HaqwTeJihHO OTJIHqaJOTCH OT «CBOHX», O,JIHaKO 

npo,110JI)!(aJOT wx BhIKapMJIHBaTh. 8H,JIHMO, pacn03HaBaHHe Hì1ua npowcxo,JIHT no 

speMeHH patthllle H qame scero KYKYIIIOHKa cpaBHHBaTh }')Ke He e KeM, a ,11anee 

«pa6ornew npHHUHn 3alllHThI cBoeì1 TeppwropHH . .[(pyroii npwMep. HecKOJihKO 
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811.UOB MypasbeB He 11MelOT CBOl1X co6cTBeHHhIX pa6oq11x. U:ap11ua-napa311T npo

HHKaeT B rHe3,UO .upyroro s11.ua, Jll1KB11.U11PYeT uap11uy B11.Ua-X035111Ha e nOMOIUhlO 

X035IHCKl1X pa6oq11x MypasbeB, Ha KOTOpbIX OHa 803.UeHCTBYeT onpe.ueneHHOro 

po.ua x11M11qecK11M seruecTBOM, 11 .uanee 11cnoJJh3yeT 11x .UJJ51 Bh1paru11saH115I co6-

CTBeHHOro TIOTOMCTBa. 3axBaT KYKYlllKOH 11Jll1 uap11ueì1-napa311TOM HOBOH Tepp11-

Top1111 11 Bh1paru11saH11e xo351esaM11 KYKYWaT KaK cnoco6 )!(113Hl1, B03MO)!(HO, 

11MeeT npe11Myruecrna 3a cqeT 3KOHOM1111 3aTPaT Ha Bb1paru11saH11e csoero no

TOMCTBa 11n11 pa6oqeì1 c11nb1 Ha cTa.u1111 n11q11HoK. Pacno3HasaH11e 5IttUa KYKYWKH 

06ecneq11no 6b1 noJJHbIH UHKJI pa3MHO)!(eH115I, a pacn03HasaH11e KYKYWOHKa MO

)!(eT .uaTh 3KOHOM11IO Jll11llh HeCKOJlhKl1X .UHett, np11qeM Torna, Kor.ua MO)!(eT 6hITb 

CJ1111llKOM D03.UHO CHOBa Haq11HaTh U11KJ1 pa3MHO)!(eHJ151 (80]. 
CTa611JJbHOCTh c11cTeMhI «XHIUH11K - )!(epTBa» nosh1waeT o6ruecTBeHHbIH 

o6pa3 )!(J13Hl1 )!(1180THb!X. b0Jlhllll1HCTBO 3KOJJOr11qecKl1X MO,UeJJett, 11CTIOJlh3ye

MhIX .um on11caHl15I Cl1CTeM «X- )f(», 11CXO.U5IT 113 npe.unoJJO)!(eHJ151 o paBHO

MepHOM pacnpe.ueneHl111 X11IUH11KOB 11 11X )!(epTB B npe.uenax onpe.ueneHHOH 

Tepp11Top1111, T. e. KJlfOqesylO pOJJh 11rpaeT xapaKTep 3aBJ1Cl1MOCTl1 11HTeHCHB

HOCTl1 Bh!e,UaHJ151 (q11cno )!(epTB, Cbe.uaeMb!X O.UH11M X11IUH11KOM B e,Ul1H11UY 

speMeH11) oT nJJOTHOCTl1 nonyn51u1111 )!(epTB. Ho B .ueì1CTB11TeJihHOCT11, Hanp11-

Mep, np11 CTa,UHOM 06pa3e )!(J13Hl1 )!(epTB, sep05ITHOCTh 11X BCTPeq e X11IUH11KOM 

6y.ueT 3as11ceTh He OT KOJI11qeCTBa OT)leJJbHblX )!(11BOTHhlX Ha KBa.upaTHh!H Kl1-

Jl0MeTp, a OT KOJJJ1qecTBa CTa.U Ha e,U11H11UY Tepp11Top1111 . fpynnOBOH o6pa3, KaK 

X11IUH11KOB, TaK 11 )!(epTB, 3Haq11TeJJbHO CHl1)!(aeT Bep05ITHOCTb 11X TPOqrnqecKl1X 

KOHTaKTOB, no cpasHeH11IO e paBHOMepHbIM pacnpe.ueneH11eM. B 3TOM cnyqae 

q11cJJeHHOCTh )!(epTB Jll1Ml1T11pyeTC51 He 411CJJeHHOCThIO XHIUH11KOB, a KOpMOBOH 

6a30H, T. e. KOJJJleKT11Bl13M .UJJ51 )!(epTB BbII'O,UeH. A BOT )lJI51 X11IUH11KOB TIOJlh3a 

rpynnOBOrO 06pa3a )!(113Hl1 He TaK 0)lH03Ha4Ha. C O.UHOH CTOpOHhl, OH CTIOC06-

CTByeT 3aKpenneH11JO Tepp11Top1111 3a ,naHHOH rpynnoì1 )!(J1BOTHbIX, a e .upyroì1 

CTOpOHhl, Ka)!(,UOMy OT,UeJihHOMY X11IUH11KY .UOCTaeTC51 MeHbllle .uo6b1q11. Ilo-

3TOMY X11IUHHKl1 npe.unoq11TaIOT KOJJJJeKTl1BHO OXOTl1ThC51 Ha KpynHyIO .uo6bI'-IY, 

a Ha 6onee MeJIKl1X )!(11BOTHh!X - B O,U11H04Ky. KpoMe Toro, HM KOJJJJeKTHBbl 

HY)!(HhI .UJI51 peryn11posaH115I BHyTpeHHl1X npo6neM. Hanp11Mep, y JJbBOB pac

npocTPaHeHo y611ttCTBO caMuaM11 4~11X .ueTeHbilllett, n03TOMY caMKaM B 

rpynne nerqe 3aru11ruaThC5I oT arpeccopos, a npaì1.uy ropa3.UO ner4e, qeM JihBY

o.u11HO'-!Ke, o6opOH51Tb CBOIO Tepp11Top1110 OT coce,UHl1X npatt.UOB (81]. 
B c11cTeMe «X-)f(» 04eHh Ba)!(eH np11Hu11n BhI6opa )!(epTBbI, 3as11c51ru11ì1 

OT BpeMeHH, 3aTPa'-!eHHOro Ha TI011CK .uo6hI'-111, OTJJOB 11 ynoTPe6JJeH11e ee B n11-

ruy. MHor11e )!(J1BOTHhJe Ha caMOM .uene MOrYT ynoTpe6JJ51Th B n11ruy ropa3,no 

60JJhllle pa3HOo6pa3Hb!X B11.UOB 11 60Jihlllee KOJJH'-leCTBO .uo6bI'-111, 4eM OHH pe

aJJbHO ynoTPe6m10T. Ilp11Hu11nb1 CTPaTer1111 n11ruesoro pau110Ha 06b5ICH5l10TC5I 

meopueù onmuMaJ1bH020 </Jypa:>JCupoeaHuR P. MaicapTypa 11 3. Il11u1ic11 (82]. 
CyTh Teop1111 s cne.uyJOrueM. Ka)!(,Ubitt T11n .uo6hI411 MO)!(eT o6ecne411Tb x11ruH11-

Ka onpe.ueneHHh!M KOJ111'-!eCTBOM 3Hepr1111, H CKOpOCTb noTpe6neHl151 3Hepr1111 

XHIUHHKOM 6y.ueT paBHa OTHOllleHHIO 3Hepr1111 K cyMMapHOMY BpeMeHH nOHCKa 
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(t1) 11 o6pa6oTKl1 L106h1q11 (t2 ). ITo3TOMY nose.L1em1e )!(11BOTHhIX 6y.L1eT pa3s11-

BaThC5!- B HanpaBJieHl111 o6ecneqeHl151 Ha116onee Bh!COKOH (B03MO)!(HOÌ1 B KOH

KpeTHhIX ycJIOBl15IX cpe.Llbl) CKOpOCTl1 noTpe6neHl151 3Hepr1111. Ecn11 Ha no11CK 11 

o6pa60TKY np11Bhl'-IHOÌ1 nm.1111 )!(11BOTHOe 3aTpaq11saeT MeHbllle 3Hepr1111, qeM 

Ha no11cK 11 o6pa60TKY HOBOH, rrpe.L1nO'-ITeH11e 6y.L1eT OT.Ll3HO nyCTh MeHee pa3-

H006pa3HOÌ1, HO 3aTO MeHee 3Hepro3aTpaTHOÌ1 nmue. B 3TOM cnyqae OTMeqaeT

C51 y3K11ì1 pau110H n11TaH115! )!(11BOTHhIX. B ycnosm1x nocT05IHHOì1 cpe.LlhI 0611Ta

H115! TeopeT11'-leCKl1 MOryT cymeCTBOBaTb .LlBa Bap11aHTa: t, 60Jibllle t2 11 (z 60Jih

llle t1• B 06011x cnyqa51x x11mH11K11 Bh!H~eHhI pacw11p5!Th pau110H n11TaH115!, 

HO B Ka)!(.LlOM cnyqae 6y.LlyT CTpeMl1TbC51 MaKCl1MaJihHO yMeHhllil1Th o6e spe

MeHHb!e cocTasmnom11e. Harrp11Mep, nes Ha pasH11Hax a<tip11KaHcKoro Hau110-

HaJihHOro napKa CepeHreT11 )!(11BeT B npe.L1enax np5IMOì1 B11.Lll1MOCTl1 cTa.Ll aHTl1-

Jion, no3TOMY .LlJl51 Hero speM51 no11cKa .Ll06h!'-111 npaKTl1'-leCKl1 paBHO Hymo, a 

n011MKa aHTl1JIOnhI MO)!(eT Il0Tpe6osaTh 3Ha'-111TeJibHh!X 3aTPaT speMeHl1 11 

3Hepnrn. II03TOMY neB 6y.LleT Hana.L1aTb Ha CTapbIX, xpOMh!X 11Jll1 COBCeM MOJIO

.LlhIX )!(11BOTHhIX, '-IT06h1 csecT11 K Ml1H11MYMY speM51 06pa60TK11. )1(11soTHhie, 

KOTOpbie He HaXO.Ll5ITC51 HaBepxy n11mesoì1 uerr11, BBl1.LlY nOCT05IHHOÌ1 yrp03hl CO 

CTOpOHhl Xl1ilIHl1KOB, qacTO MOrYT 6bITh BhIH~.LleHhl OTKa3aTbC51 OT CTPaTer1111 

onT11MaJihHOro qiypa)!(11posaHmi:. B 3TOM cnyqae )!(11BOTHoe cKopee npe.LlnO'-ITeT 

n11my, .Lla!OJUYIO MeHbWe 3Hepr1111 ero opraHl13My, qeM 6y.L1eT CJie.LlOBaTh CTpa

Ter1111 OITTl1MaJihHOro qiypa)!(11poBaHl15!, KOTOpa51 B 11.LleaJibHhIX YCJIOBl15IX OT

CYTCTBl151 X11IUH11KOB 6brna 6hI OnT11MaJibHOÌ1. 

Ecn11 paCCMOTPeTb CTaHOBJieH11e OTHOllleHl1Ì1 <<X-)1(» B l1CTOp11qeCKOM 

MacllITa6e <ti11noreHe3a, cTaHOBl1TC51 O'-leBl1.LlHOì1 onepe)!(a10ma51 cneu11aJI113aU115! 

)!(epTB. IIpome rosop51, CHa'-laJia .LlOJI)!(eH n05IBl1ThC51 «KOpM», no3TOMY B l1CTO

p1111 611oc<tiephl X11IUH11Kl1 Il05IBJI5IIOTC51 n03)!(e np0'-111X reTepOTPOciiOB. Ilp11Mephl 

onepe)!(a10meì1 cneu11an113au1111 )!(epTBhI no cpasHeH1110 e x11mH11KoM 6brn 113y

qeH Ha MHOro'-111CJieHHOM MaTep11aJie naneoreHOBhIX 11 peJil1KTOBh!X <tiayH MJie

KOITHT3IOIU11X (83]. <l>11TOnJiaHKTOH snepBhie n05IBl1JIC51 2700-1900 MJIH JieT Ha-

33.Ll, a cymecrneHHoe B03.L1eiicTs11e (Ha ero q11cneHHOCTh 11 MopciioJior11qecKoe 

pa3H006pa311e) cneu11an11311py10meroc51 no <ti11TonnaHKTOHY X11IUH11Ka (JI11'-111HKl1 

Métazoa) Ha'-111HaeT cymecrneHHO CKa3hIBaThC51 Jil1Wh Ha'-111Ha5! 1400-540 MJIH 

JieT Ha3a.Ll. TOJihKO rrocne KpyllleHl151 B KOHUe MeJIOBOro nep110.Lla nocJie.LlHero B 

11CTOp1111 Ha3eMHhlX TeTPanO.Ll (qernepOHOr11x Ha3eMHh!X no3BOH0'-1Hh!X) Kpyrr

Hh!X paCTl1TeJibH05!.LlHhlX 11 n11TaBllll1XC5! 11Ml1 X11IUHhIX .Lll1H03aBpOB, MJieKOill1-

Ta10m11e (.LlO 3TOro pa3Mepbl MJieKon11TaIOll(l1X He npeBOCXO.Lll1Jll1 pa3Mepbl co

BpeMeHHh!X 3aiiues) BHOBh np11CTYI111Jll1 K qiopM11poBaHl1IO a.L1anTl1BHOÌ1 30Hhl 

KpyrrHhlX TeTpanO.Ll, HO ~e TOJihKO MJieKon11TaIOll(l1X. A OTCTaBaH11e B cneu11a

Jll133U1111 KpyrrHh!X Xl111(Hl1KOB o6b5ICH5IJI0Ch TeM, '-ITO OHl1 MOrJil1 Il05IBl1ThC51 

TOJlhKO nocne .LlOCTaTO'-IHO pa3MH0)!(11Bllll1XC51 <ti11To<tiaroB - )!(epTB. 11 B Ka)!(.LlOM 

cnyqae L111c6aJiattc tta6mo.L1aeTC5! TOJihKO Ha nepsoM 3Tane cneu11an113au1111. 

Ilp11q11HhI onepe)!(aJOmeif crreu11an113au1111 )!(epTB B TaH.LleMe «x11mtt11K -

)!(eprna» MO)!(HO onpe.L1eJil1Th CJie.L1yIOIUl1M o6pa30M: 
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I. Tip110p11TeTHOCThIO KOpMOBOH 633hl, oco6eHHO Ha Ha'iaJihHOH crn;::urn cpop

M11poBaHm1 '.}TOfO Tl1na 6110T11'ieCKl1X OTHOU1eHl1H. B Ha'iaJie CBOeH 3BOJIIO

L(l111 6yAym<U1 )!(epTBa 11MeeT onpeAeJieHHOe npe11MymecTBO - OTCYTCTBHe 

cneu11cp11qecKoro Jlllil Hee x11mHHKa. A xttmH11K HaLI11HaeT cneu11aJI11111po

BaThc.11 no Ka)!()J.OMY B11AY )!(epTB JIHlllh nocJie Toro, KaK B11A )!(epTBhl Ha611-

paeT AOCTaTOLIHYIO 'il1CJieHHOCTh H 6HOMaccy 11, CJieAOBaTeJihHO, CTaHOBHT

C.11 AOCTaTOLIHO np11cnoco6JieHHh!M K cpeAe 0611TaH11.11. TOJihKO TOrAa cne

L(l1aJil13al(l1.!I XHll.(HHKa K HOBOH )!(epTBe OK33hJBaeTC.!I 3HepreT11LieCKl1 

onpaBAaHHOH (cM. Teop1110 onTl1MaJihHOfO cpypa)!(11posaH11.11). 

2. Pa3HhIMl1 q11cJieHHOCT.11M11, 6110MaccaMH 11 yposH.11M11 s n11mesow n11paM11-

Ae x11mH11Kos 11 )!(epTs. EoJiee BhICOK11ì1 yposeHh x11mH11Ka s n11meBow 

nttpaM11Ae, onpeAeJI.!llOll.(11H ero 3aBl1Cl1MOCTh OT COCTO.!IHl1.!I KOpMOBOH 6a-

3hl, a TaK)!(e 6onee Hl13Ka.!1 6110Macca H LIHCJieHHOCTh cpopM11pyIOT 11X 3a

Bl1Cl1MOCTh OT n11mesoro pecypca )!(epTB. B TO )!(e speM.11 6oJiee Hl13Kl1H 

ypoBeHh )!(epTBhl B n11meBOH n11paM11Ae, 6onee BhICOKa.11 L[l1CJieHHOCTh 11 

6110Macca C03AaIOT ycnoBH.11 AJI.11 60Jihll1eì1 3KOJIOr11LieCKOH TOJiepaHTHOCTl1 

no OTHOU1eHl1lO K Xl1ll.(Hl1KY. 

3. EoJiee MeAneHHhIMl1 TeMnaM11 cpopM11posaHH.!I cneu11aJIH3au1111 y x11mH11-

KOB: LieM 6hICTPee npoTeKaeT cneu11aJrn1au11.11, TeM MeHhllle y opraHH3MOB 

OCTaeTC.11 HHa)J.anTHBHh!X np113HaKOB, T. e . HecosepllleHHh!X np11cnoco6Jie

Hl1H, B03HHKaIOll.(11X y OTAeJihHhlX rpynn )!(11BOTHhIX B XOAe 3BOJIIOL(l111 11 

cnoco6HhIX BhI3hIBaTh 11X BhIMHpaHHe (TepMHH 6hIJI BBeAeH pycCK11M na

JieOHTOJIOfOM B. O. KosaJJeBCKHM s 1873 r.). 

C1-1CTeMa «X->K» >K1-1ser s ABYX Macwra6ax speMeH1-1. 6b1crpb1e speMeHa - :no 

speMeHa 41-1KJJ1-1YecKoro s3a1-1M0Aei1crn1-1fl oco6ei1 1-1 nonynfl41-1i1, AOnrne speMe

Ha - 3TO speMeHa HX np1-1cnoco61-1reJibHOH "13MeH4"1BOCT"1, Bbl3BaHHble "13Me

HeH"1flM"1 cpeAbl "1 B3a"1MHOH aAanTa41-11-1. 

5.2.2.4. Heìhpa.rrtt3M 
.. . AallbHeiiwee 11cc11eAOBaH11e AO/\lt<HO BeCbMa 

3Ha4HTe/\bHO MOAH<j>11u,11poBaTb HblHeWH"1e, B TOM 

411C/\e 11 crporo AaPB"1H"1CTCK"1e, npeACTaB/\eH"1il o 

npou,ecce pa3BHT"1il B"1AOB. 

(fJ. 3Hre11bc 

HeìimpCl!lU3JVI - THn 6110THLieCKOH CB.!131i, npli KOTOpoìi COBMeCTHO 0611-

TalOll.(lie BliAhI/nonyJI.!IL(l111 npaKT11LieCKl1 He BJili.!IIOT Apyr Ha Apyra. 

CTopoHHliKH li npoTliBHl1Kli r11noTe3hI Heì1Tpan111Ma npOAOJI)!(aIOT 11cKaTh 

AOBOAhl «3a» li «npOTliB». B TeLieHlie AOJiroro speMeHli CLI11TaJIOCh, L[TO Bli

AhI/nonyn.11u11ÌI, BXO)J..!lll.(He B OAHO coo6meCTBO, 06.113aTeJihHO AOJI)!(Hhl 3aHl1-

MaTh pa3Hh!e 3KOJIOrli'ieCKl1e Hlill111 - B npOTl1BHOM CJiyqae HapYlllaJIC.11 6hl 

np11HL(l1n KOHKypeHTHOro 11CKJIIOLieHl1.!I (npu1114un BOJJhTeppb1-ray3e). 3KC

nep11MeHTaJihHO 6hIJIO TIOATBep)!(AeHO, L[TO rrpH ysenliLieHlili rrorryn.!IL(liOHHOH 
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nJIOTHOCTH HaqHHaeTCH orpaHHqeHHe pocTa ql{cJieHHOCTH nonyJIHUHH -

«CTa6HJIHJaUHH» BH,!J,a [84]. 0,!J,HaKo HJBeCTHbI H ,!1,pyrne coo6mecTBa, cnoco6-

Hbie cocymeCTBOBaTb He TOJibKO npH pacxo:>K,!J,eHHH 3KOHHW, HO H npH HX 6JIH-

30CTH. HanpHMep, O,!J,HH BH,!J, nJiaHKTOHHbIX B0,!1,opocneii CHJibHee orpaHHqeH 

cpoccpopoM, a BTOpoii - aJOTOM HJIH 6JIH3KHe BH,!J,bl orpaHHqeHbl cneuHcpHqe

CKHMH XHIUHHKaMH. 3ry peaJibHOCTb o6bHCHHeT BblJIBHHyTaH c. Xa66eJIOM 
(Stephen P Hubbell) <eunome3a Heumpa!lbHocmu»: pa3Hbre BH,!J,bI MoryT ,!J,JIH

TeJibHoe BpeMH npOH3pacTaTb Ha o6meii TeppHTOpHH, HeCMOTpH Ha KOHKypeH

UHIO 3a o6mHe pecypCbl, eCJIH OHH 3KOJiornqecKH H,!J,eHTHqHbl [85]. 
B TPOnHqecKHX necax AMaJOHKH Ha nnowa,!J,H scero B O,!J,HH reKTap Hepe,!1,

KO npOH3paCTaeT 6oJiee COTHH pa3Hb!X BH,!J,OB ,!1,epeBbeB. QqeBH,!J,HO, 'JTO HX cy

ruecTBOBaHHe onpe,!1,ellleTCH o6ruHM Ha6opoM pecypcos, npe')f()le scero, cseTa, 

BJiarH H 3JieMeHTOB MHHepaJibHOro nHTaHHH. Ho, nOCKOJlbKY B03MOlKHOCTeii pa-

30MTHCb no pa3Hb!M HHWaM ,!J,JIH ,!1,epeBbeB TPOnHqecKoro Jieca COBCeM HeMHOro 

H npH 3TOM HH y 0,!J,HOro H3 BH,!J,OB HeT ycToifqHBOro npeHMyIUeCTBa B KOHKY

peHTHOM 6opb6e, pa3Hble BH,!J,bl pacTeHHM MOfYT cocymecTBOBaTb 6Jiaro,!1,apH He 

pacxo:>K,!J,eHHIO CBOHX HHW, a 6Jiaro,!1,apH 3KOJIOfH'IeCKOMY CXO,!J,CTBy. B OCHOBe 

3TOro cnoco6a .UOCTHJKeHHH CTa6HJibHOro cocymeCTBOBaHHH BH.UOB JielKHT yc

JIOBHe - HMeTb CXO.UHbie y,!J,eJibHble CKOpOCTH nonyJIHUHOHHOro poCTa H CKOpo

CTH JaceneHHH OCB06o.nHBWHXCH HHW. B COOTBeTCTBHH e Tpa,!1,HUHOHHblMH 

npe,!1,cTaBJieHHHMH o CTPYKTYPe coo6mecTB, BOJMO)!(HbI ,!J,Ba aJibTepHaTHBHbIX 

BapHaHTa: 3KOJIOfHqecKH CXO,!J,Hble BH.Ubl pacnpe.neJUIIOTCH B npOCTPaHCTBe 

rpynnaMH B COOTBeTCTBHH e oco6eHHOCTHMH cpe,!1,bl HJIH 6JIHJKaiirnHMH coce

,!J,j!MH qame OKaJbIBaIOTCH rpynnbr opraHHJMOB e pa3HbIMH JKHJHeHHbIMH CTPa

TerHHMH. AHaJIH3 MHOroqHcJieHHbIX 3KCnepHMeHTOB nOKaJaJI, qTo HMe!OT MeCTO 

o6a sapHaHTa. B TPOnHqecKOM Jiecy lKHJHeHHbie CTPaTerHH pa3HbIX BH,!J,OB ,!J,e

peBbeB MOfYT .neMOHCTPHPOBaTb KaK KOH6epzeHlfUIO, TaK H Òu6ep2eHl{UIO. 

B no.Ll,!1,ep)!(KY rnnoTeJbI HeìhpanbHOCTH BbICTYTIHJIH Il. 3i.Jiep H ero KOJI

JierH, npe,UJIO)!(HBWHe MO.UeJib, CBH3bIBaIOIUYIO KOHuenuHIO HeiiTPaJIH3Ma e Tpa

,!J,HUHOHHb!MH npe.ncTasneHHHMH o HHrnesoii cTpyKType coo6mecTB. To ecTb 

OHH paccMaTpHBa!OT HeMTPaJibHOCTb KaK KpaiiHHM CJiyqaii 6oJiee o6meii Teo

pm1, 6aJHpy10meiicH, npeJK,!J,e scero, Ha pacxoJK.neHHH BH.UOB/ nonyJIHUHii no 

pa3Hb!M HHWaM [86]. 
CYTb MO.UeJIH B cne,!J,yIOIUeM. Ec1rn no Mepe pocTa .UOMHHHposaHHH BH,!J,a 

na,!J,aeT CKOpOCTb ero nonyJIHUHOHHOro pocrn, CJie,UOBaTeJibHO, cymeCTByeT Me

xaHl13M, tte .uonycKa10ru11ii BbITeCHeHHH HM .npyr11x BH.UOB, a eCJIH CKOpOCTb no

CTOHHHa, CJie,UOBaTeJibHO, TaKoro MexaHl13Ma tteT. BTopoe ycJIOBHe: eCJIH pa3Hble 

BH,!J,hl B coo6mecrne JaHHMa!OT pa3Hb!e HHWH, BHYTPHBH,UOBM KOHKypeHUHH 

,!J,OJllKHa HMeTb 60JibWee 3HaqeH11e ,!J,JIH orpaH11qeHHH q11cJieHHOCTH BH,Ua, qeM 

MelKBH,!J,OBaH KOHKypeHI.(HH, CJie,!J,OBaTeJibHO, no Mepe pocTa OTHOCHTeJibHOM qac

TOTbl BCTPeqaeMOCTH .naHHOro BH,Ua B coo6mecTBe, y.neJibHM CKOpOCTb ero no

IlYJUIUHOHHOro pOCTa .UOJl)!(Ha na.naTb. «CTa611JIH3al..(11H» BH,Ua, T. e . ttaCKOJlbKO 

6bICTPO CHH)!(aeTCH CKOpOCTb nonyJIHUHOHHOro pocTa BH,!J,a np11 y0eJ111'JeHHl1 ero 
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OTHOCl1TeJJbHOH lJl1CJJeHHOCTl1, orrpe.uem1eTCll CKOpOCTblO :noro rrpouecca. Co

rnacHO JKe r11rr0Te3e HeHTPaJJhHOCTl1, MexaHl13M pa3,UeJJeHl1ll H111ll OTCYfCTByeT, 

cne.uoBaTeJJbHO, y.ueJJbHall CKOpOCTb nonyJJlll{HOHHOro pOCTa OCTaeTCll IIOCTO

llHHOH He3aBHCHMO OT OTHOCHTeJJbHOH 4aCTOTbl BCTPe'laeMOCTH .uaHHOro BH,Ua. 

B 3TOM CJJYl!ae Heo6xo.uttMhJM ycnoBtteM cocYllJeCTBOBaHHll B11.UOB llBIIReTCll 6nH-

30CTh CKOpOCTeH HX norryIIRUHOHHOro pocrn. TaKHM o6pa30M, aBTOpaM MO,UeJJH 

y.uanocb ofu.e.UHHHTh rrpe.ucrnBneHHe o HeHTPaJJhHOCTl1 e TPa.u11u110HHhIM B3rnll

.UOM Ha o6ll3aTeJJbHOe pa3,UeJJeH11e HHllI COCYllJeCTByJOIUHX BH.UOB: lJeM 60JJbllJe 

CXO.UCTBO BH.UOB rro CKOpOCTH HX rronyJJlll{HOHHOro pocTa, TeM MeHee 3HalJ11MyJO 

pOJJh B IIO.ll.LlepiKaHHH HX cocymecTBOBa Hl1ll HrpaeT «CTa6HJJH3al{Hll». 

B KalJeCTBe Bb!BO.UOB rro .uaHHOMY pa3.ueny XO'leTCll CKa3aTb cne.uyJOmee. 

l(eJJhHall 11 caMO.UOCTaTOlJHall e,UHHl1l{a )J{J13HH Ha 3eMJJe - 11epapx11lJeCKl1 op

raHl130BaHHall reo611oc<t>epa, COCTaBJJeHHall COBOKYIIHOCTblO ee cppaKTaJJbHhIX 

rro.uo611if - 6Hol{eH030B. 3KOJJOrttlJeCKall ycTOHlJHBOCTh 6HOl{eH030B BCer.ua 

o6ycJJOBJJeHa 3BOJJI01{110HHblM OT6opoM . B OCHOBe ycTOHlJHBOH 6HOJJOrttlJe

CKOH 3BOJJI01{1111 Jie)!(HT 3BOJll01{11ll 611oueH030B, a He rrorryJJHU11H, 11 ,UaJKe He 

B11.UOB. E11oueH03hl 11epapx11l!Hhl H oTToro - ycTOHlJHBhJ. VI 11epapx11lJHOCTh 

611oueH030B - OTHIO,Ub He TOJlhKO Tpocp11qecK11e ceTl1. 

6HOl..(eH03 - He CTaTHCH14eCKas:! Cl1CTeMa pa3p03HeHHblX, CJly4aHHO B3al1MO

AeHCTBYIOU111X B OTKpbiTOH Cl1CTeMe 3JleMeHTOB, 3TO eA11HOTKaHHas:i aKTl1BHas:! 

cpeAa, H, 4TO 3aMe4aTeJlbHO, pa3Bl1Bat0Ujas:irn He B AByMepHOM, a B TpexMep

HOM npoapaHCTBe - 11 BWl1pb B npoapaHCTBe B11AOBOro pa3H006pa311s:!, 11 

BBepx no rpaeKrop1111 ycroCi411soro 3BOlllOl..(HOH11posaH11s:1 61101..(eH030B. 

CTa611JJbHOMY CTal{l10HapHOMY COCYllJeCTBOBaHl1!0 IIOII)'illlU11H B 3KOCl1CTe-

Max CBOHCTBeHHO COCTOllHl1e 6anattca: KOrepeHTHOCTb ( cornacOBaHHOCTb B3al1MO

.ueì1CTBl1H BO BpeMeH11) 11 Cl1MM~Hll (rapMOH11lJHal! copa3MepHOCTh B npOCTPaH

CTBe). Tor.ua KaK .UJJll pa3Bl1THll Cl1CTeM Heo6XO.U11Mbl .u11c6anaHC, aCl1HXpOHHOCTb 

11 ac11MM~11ll . KaK KaJK,Uall rpatt11ua, rpatt11ua 611occpepb1 C03.UaeT BhI.UeJJeHttoe 

ttarrpaBJ1eH11e (B o6rueM cnyqae, rrepneH.UHKYIIllpttoe rpatt11ue pa3.uena), onpe.ue

IIRJOIUee 3KCnaHCHJO B .UBYMepHOM rrpocTPaHCTBe. B 611onornqecKoì1 3BOJJJOU1111 

TPeTbe 113Mepett11e He CTOJJbKO KOOp.U11HaTa, CKOJJbKO rrepexo.u B HOBOe KalJeCTBeH

HOe COCTOHHHe e HOBbIMl1 CTerreHllMl1 CB060.Uhl - 11H<i>OpMal{l10HHbJMl1: Ka)K,Ub!H 

BblllJeCTOHJl{HH HepapXHlJeCKHH ypoBeHb xapaKTepH3yeTCll yBeJJHlJeHHeM 11HTeH

Cl1BHOCTl1 11HcpopMal{l10HHbIX IIOTOKOB 11 CJJO:lKHOCTblO 11X KOMMyrau1111. 

KonneKTHBHCTCKoe «'IYBCTBO KBOpYMa» B o.uttopo.UHhIX coo6ruecTBax, rro

s11.u11M0My, BKJJJO'laeT CHHXpOHl13al{HIO 611ox11MHlJeCKHX rrpoueccoB y npo

CTeHJJ111X, 11JJl1 y Bb!Cll111X Ha 3TOJJOrH'leCKOM ypoBHe - Bbipa6oTKY 06m11x rro

Be,UeHlJeCKl1X MO.U (3HepreTHlJeCKl1 «BhirO.UHOe» Bb!CTpa11BaH11e KJJl1HOM CTal1 

IITHU B IIOJJeTe HJJl1 KOCl!Ka pb16) . l(enecoo6pa3HOCTb 3.UeCb OlJeBl1,UHa 11 crroco6-

CTByeT BhJJK11BaH1110 B11.ua. Eonee Toro, rrpe11MymeCTBa rronyqaeT caMoopraH11-

1yJOmallcH rronynllU11ll, crroco6HaH K pa3HhIM cpopMaM caMoopraH113au1111. B na-

611JibHOH JKe 3KOCHCTeMe cpopM caMoopraHH3aUl111 MO)!(eT 6hJTb BeJJHKOe MHO-
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JKeCTBO, xon1 'IHCJIO COCTaBmllOLUHX CHCTeMy 3JieMeHTOB BIIOJIHe KOHe'IHO, a 

pa:moo6pa:rne rrocrre.uosaTeJihHO tt rraparrrrerrhHO BKJIIO'!aIOLUHXC51 MeJK.uy HHMH 

rrp51MhIX H o6paTHhIX, IIOJIOlKHTeJihHhIX H OTpm . .(aTeJihHhIX CB513eH - BeJIHKO. 

3a c'!eT cuerrrreHHOCTH KOHKYPeHTHhIMH H c1-1Mfomn1'leCKHMH ( orpm.1a

TeJihHhIM« H IIOJIOlKHTeJihHh!MH) o6paTHhlMH CB51351MH 3BOJIIOUHOHHPYIOT uerrhie 

6uoueH03hI. C1-1M6tto3 H KOHKypeHUH51 cocTaBJUIIOT 1-11secTHoe .nttarreKTtt'lecKoe 

e,UHHCTBO rrpOTHBOIIOJIOlKHOCTeif. B 6ttoueH03aX CHM6H03 H KOHKypeHUH51 cpop

Mttpy!OT o6paTHhle CB5131-I MelK.UY rraparrrreJihHO pa3BHBalOLUl-IMHC51 BH,LlaMH, a B 

Tpocptt'leCKOH rrape «XHLUHHK - )f(epTBa» - rrpouecc rrocrre.uosaTeJihHhIH. Ta

Ka51 rpexMepHa51 ceTh KaK pa3 H rrptt.naeT ycTOH'IHBOCTh 3BOJIIOUHOHHPYIOLUeMy 

coo6mecTBy, rrptt'leM ycTOH'IHBOCTh so1pacTaeT rrp« yserrtt'leHHH 6uopa3Hoo6-

pa3tt51 B .uaHHOM 6ttoueH03e. B 3TOM OTHOIIIeHHH oco6o HHTepecHa TaHHCTBeH

Ha51 pOJih HeifTpaJihHhlX B3aHMOOTHOIIIeHHH BH.[{OB, He BKJIIO'leHHhIX Herrocpe.u

CTBeHHO B rpocp1-1'1eCKI-1e B3aHMO,LleHCTBH51. 3Tl-I OTHOIIIeHH51, IIO-BH,Lll-IMOMy, C03-

.uaIOT HerrpepbIBHOCTh B aKTHBHOH cpe.ue 6ttoueH030B, rro.uo6Ho OTBeprnyroMy 

cp1-11ttKaM1-1 ::1cpupy HJIH 1ara.uo'IHOMY saKY)'My, 06ecrre'lttBa10LUeMy sceo6mue 

B3attMo.ueì1CTBH51, B 6uoueHo3ax 3TO MOJKeT 6hITh o6muì1 cpoH 6ttox1-1Mtt'lecK1-1x 

rrpespameHHH CO CBOHMH, KaK B BaKyyMe, cprryKTyauH51MH 1-1 o6o6mecTBJieHHeM 

61-1oreOXHMl-l'leCKHX KpyrosopoTOB. TIOMHMO 3TOro, HeìfrpocpttJihl BIIOJIHe MOryr 

ttrpaTh pOJih HHcpOpMaUHOHHhIX nocpe,LlHl-IKOB 1-1 peryJI51TOpOB B 3KOCHCTeMax. 

lIMeHHO ycTOH'IHBa51 3BOJIIOUH51 6uoueH030B C03,LlaeT npe.nnOChIJIKH ,UJI51 

ycTOH'!HBOH 3BOJIIOUHH oT.nerrhHhIX BH.UOB. TaK, rpynna arrhnl-IHHCTOB, n0Mora51 

.upyr .upyry, ycneIIIHee IIITypMyeT ropy, He)f(eJil-1 aJihllHHl-ICT-0.UHHO'!Ka. y no

crre.uHero MOryT 6hITh OT,LleJihHhie 3Ha'lttTeJihHhJe y.ua'IH, HO MoryT BcrpeTHThC51 

H HerrpeO,LlOJIHMhie .UJI51 0.UHHO'IKH npen51TCTBH51. 3To TOJihKO B cnopTe, Kor.ua 

HCKyCCTBeHHO o6ecne'!eHa 6e1onacHOCTh B HH.UHBH.UyarrhHhIX copeBHOBaHH51X, 

B03MOJKHa «'IHCTam> KOHKypeHUH51, a BHYTPH rpynnhI B03MOJKHO 6orrhwoe 

MHOroo6pa3tte sapttaHTOB B3aHMOllOMOLUH. HOBh!H BH,UOBOH nptt3HaK CTaHO

BHTC51 ycTOH'IHBhlM TOJihKO Tor.ua, Kor.ua OH IIOJie3eH HH.UHBH.UYYMY (nonyJI51-

Ul-IH, su.uy) 1-1 np«eMrreM .UJI51 0Kpy)f(a10mero 6uoueHOT«LJ:ecKoro coo6mecTBa. 

Bc51KHH BKJIIO'leHHhIH s uepapxtt'leCKYIO CTPYKTYPY ::1rreMeHT qacTwrno Tep51eT 

HeKOTOpoe 'IHCJIO CBOHX CTeneHeH cso6o.nhI H crroco6HOCTh K peaJIH3al.(l-!H qac

TH HH,Lll-IBH.UyarrhHh!X B03MOlKHOCTeì1, «.uerreruposaHHhlX» Ha 6orree Bh!COKHH 

yposeHh. Ho H 3TOT BhICIIIHH yposeHh opraHtt1au«« MaTeptt«, pearru1y10m«ìf 

.UJI51 HHlKHero ypoBH51 np«Huttn no.n'lttHeHH51 'lepe3 o6mue napaMeTphI nop51.U

Ka, sceuerro 3aBHCHT OT o6mero COCT051HH51 CHCTeMhl. 

Euoccpepy B uerroM « ee cppaKTarrhHhie no.uo61-151 - 61-1oueH03hI - MOJKHO 

paccMarpttBaTh KaK cynepopraHH3Mhl, B KOTOphlX aBTOMaTH'leCKH no.u.ueplKHBa

eTC51 roMeOCTa3 - .UHHaMH'leCKOe llOCT051HCTBO cp1-13HKO-XHMH'leCKHX H 6ttOJIO

rtt'leCKHX CBOHCTB BHyrpeHHeH cpe.Uhl H ycTOH'll-IBOCTh BaJKHeHIIIHX cpyHKUl-IH . 

Peryrr51pHOCTh B3attMO.Ueì1cTBHH so speMeH« rrp051BJI51eTC51 KaK KorepeHTHOCTh 

co6hITl-IH, a peryrr51pHOCTh B npocTpaHCTBe - KaK CHMMeTpH51 H cppaKTaJih

HOCTh LJ:epe3 caMorro.uo6115!. 
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C TOqKM 3peHIDI KM6epHeTMKM B KmK,UOM 6MOUeH03e, C006ll.(HOCTM opra

HM3MOB, KOTOpbie HaCeJUIIOT orrpe.ueneHHbIH yqaCTOK cywM MJIM BO)lOeMa, B03HH

KaIOT ynpasmnomM H ynpaBID!eMa51 lIO)lCHCTeMbl. B OTJIMqHe OT KOH)leHCHpo

BaHHblX cpe.u - JlMTO- 11Jll1 rn.upoccpep (rnep.uoro Tena HJ111 )l(J1)lKOCTH), aTMO

ccpepa (raJ) KaK )ll1CCHTiaTHBHa51 CHCTeMa He MO>KeT 6bJTb aKTHBHOH cpe.uoii. )lllil 

OTHOCMTeJlbHO Me.uneHHbIX 611onorw1eCKHX rrpoueccoB H3-3a OTHOCttTeJlbHO 6bJ

ClpOfO nepeMew11saHH5! MoneKyn (cM. rn. 3). l1 s nepsyIO oqepe.uh ponh ynpas

IDIIOll.\eii. no.ucHCTeMhI BhinOJlH51IOT KOHCYMeHThI. OH11 He no3BOJ151IOT pacTeHIDIM 

CJ111lllKOM p mpacTaTbC51, noe)la51 1136hITKH 6HOMaCCbl. ql1CJleHHOCTb TpaBOH)lHbIX 

KOHlpOJI11pyIOT Xl1ll.(Hl1KH, npe.uoTspamM HX 4pe3MepHOe pa3MHO>KeHHe 11 ytt11q

TO>KeH11e paCTHTeJlbHOCTH. B CBOIO 04epe,Ub, yrrpaBJUIIOll.(ett lIO)lCHCTeMOH )lJ151 

3THX Xl1ll.(Hl1KOB HBJ1HIOTC51 XHll.(Hl1KM BTOporo po.ua H napa311Tbl, KOTOpbIMH Ma

mmynttpylOT csepxnapaJ11ThI, 11 T . .u. 3TH opraHtt3MbI no csoeii. 611onorH4eCKOH 

opraHH3aUHH MOfyT CT051Tb HH>Ke Tex opraHH3MOB, Ha KOTOpbIX napaJHTHpyIOT, 

<PopMHPY51 o6paTHbJe CBH3H B HepapXH4eCKHX ClpYKTYP3X fowueH030B. 

Mo>KHO npe.ucTaBHTh ce6e, LITO s npouecce 6HonorH4eCKOtt 3BOJ1IOUHH s 

TOqKax 6HcpypKaUHH rrpOHCXOAHT HeKoe «rrepe3auerrneHHe» H3MeH51!0ll.(HXC51 

MMKpo- M MaKpOypOBHett pa3BHBaIOmeì1cH HepapXH4eCKOH CHCTeMbl, ee MHKpo

H MaKp03BOJIIOUHl1 . Ilo scefl BHAHMOCTH, TOJlbKO HepapxHqecKHe CTPYKTypbI e 

«rrepe.uaqej:j lIOJlHOM04HH», a He ropH30HTaJlbHbie e «pa BHOrrpaBHbIM» B3al1MO

.ueflcTBl1eM :rneMeHTOB, cnoco6Hbl 3BOJl!OUHOHHposaTb KaK caMO)lOCTaTOqHbie 

coo6mecTBa. KOHKypeHTHble B3aHMOOTHOIIIeHHH, B OCHOBe csoeii , 51BJI51IOTC51 ro

pH30HTaJlbHblMH, napanneJlbHblMH, a MHOronnaHOBbJe CHM6110TH4eCKHe MO>KHO 

OTHeCTl1 11 K napanneJlbHbIM, 11 K sepTHKaJlbHbIM, HepapxHqeCKHM. 0TCIO)la 

O)ll1H lllar )lO H)leH OTHOCHTeJlbHO MHHl1MaJibHOfO KpHTMqecKoro ypOBHH 6HOpa3-

H006pa3IDI )lJUI B03MO>KHOCTeH peanl13aUHH nporpeCCHBHOH 3BOJ1IOUl111. <illpo

CTbJe» no BH.UOBOMY cocrnsy coo6mecrna apxefl 11JIH 6aKTep11ì1 Morn11 6b1 ycToii

qHBO cymecTBOBaTb B 113MeH51IOll.(11XC51 (rH,llpo)reonorw-1ecK11X ycnOBl151X, HO He 

6bIJil1 6b1 crroco6HhI K 3BOJIIOUl1H, co3.uasrneì1 cospeMeHHYIO 611occpepy. 

M11Kp03BOJllOL\11H MO>KeT 6b1Tb yno.uo6neHa cjll13114eCKOH Cl1CTeMe, B KOTOpOH B 

OAHOPOAHOH no COCTaBy cpe.ue, 4epe3 cjlnyKryaL\"111 np011CXOA11T (KBa-

311)paBHOBeCHblH cjla30BblH nepeXOA B HOBOe COCTOHHl1e (HanpHMep, HaMep3a

H11e 11n11 TaHH11e JlbAa). npoxo.u11T OAHa sonHa cjla3osoro nepexo.ua, a nepe.u Hei1 

11 3a HeH - .use pa3Hble cjla3bl, B «MHfKl1X» ycnoBHS1X - O)lHOPOAHble. TaKaS1 (11(

TeMa O)lHOMepHa H «6e.uHa Ha BblAYMKY» - 3TO Tp1-1rrepHaS1 Cl1CTeMa . M11Kp03BO

JllOL\HS1 JlOKaJlbHa - 3TO nonyJIHL\1151 11JlH BHA, B reHOMe KOTOporo no.u AeHCTBl1eM 

BHeWHHX cjlaKTopos npOHCXOAS!T CTOXaCTH4eCKHe Myral\"111. 3BOJllOL\HOHHOe >Ke 

pa3Bl1THe cjlpOHTaJlbHO, BOJ1H006pa3HO, aBTOBOJlHbl KaK 6bl «HaMb!BalOT» HOBYIO 

CJlO>KHYIO apyKrypy. V1 TaKa51 AHCCl1naTHBHa51 apyKrypa «6oraTa» sapHaHTaMH H 

B03MO>KHOCT51MH. B coo6U1ecrne opraHH3MOB - s OTKpb!TOH rnaeMe - cjlnyKrya

L\HH KOOnep1-1py10TC5!, C03AaBa51 MaKpOCKOnH4eCKYIO pacnpoapaH5llOUIYIOC51 B 

HOBOe HeOCBOeHHOe npoapaHCTBO ynop51A04eHHYIO apyKrypy. TaK, 06beA11HeH

Hble B MOJleKyny aTOMbl H3MeH5llOT CBOHCTBeHHYIO Ka>KAOMY "13 HHX 3JleKTpOHHYIO 
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CTPYKTYPY. C03AaBaR HOBYIO o6o6~eHHYIO cynepn0311l\11IO. no TaKOH >Ke np11411He 

11epapx11YeCKl1 opraHl130BaHHaH CTpyKrypa 611oueH03a He n03BOJ1ReT 11HA11Bl1-

AYYMY (nonynRu1111, B11AY) cso6oAHO pea11113osaTb np1106pereHHble a pe3ynbrare 

MyraU11H np113HaKl1, «BMOHT11pOBaHHble» B C006~eCTBO. np11HU110l1allbHO, 4TO 

11epapX114HOCTb 611oueH030B, B 0Tnl14ille OT 6011ee npOCTblX cjlill3ill4eCKillX 11 XillMl1-

4eCKillX rncreM, illMeeT eAillHYIO npocrpaHCTBeHHYIO ili speMeHHYIO OCHOBy, o6ec

ne4illBalO~YIO conpR>KeHHOCTb ee yposHeH 3a cYeT copa3MepHOCTl1 Macwra6os 11 

xapaKTepHblX speMeH. B MaTepillaJlbHOH OCHOBe 3TOro eAillHCTBa ne>KillT a6co

JllOTHaR o6~HOCTb 6illOMoneKynRpHblX KOMnOHeHTOB, a TaK>Ke npillHUillOOB illX 

CillHTe3a ili AeCTpyKUillill, CBOHCTBeHHblX BCeM opraHi113MaM Ha 3eMne. 

5.2.3. MaKp03BOJIIOI..J;IUI 

MaKp03BOlllOL\"1fl - 3TO peKa >K"13H"1 , a M"1KP03BO

/\IOL\"1fl - 3TO ee Te4eH"1H , /\8M"1HapHble "1 T]'p6y11eHTHble. 

BAT 

CornacHo JI. A. EJJroMemj>eJJhAy, :>KHBhie c11cTeMhI - :no MaKpocKon11-

qecK11e, .n11cKpeTHb1e, OTKphIThie c11cTeMhI, cnoco6Hhie K caMono.rmep:>KaHmo 11 

caMOBOCnpo113se.neHmo, a.nanTauu11 11 3BOJIIOU1111 B COOTBeTCTBYIOIU11X Mac

ll1Ta6ax speMeH11 [87). Bee :>K11soe Ha scex yposm1x opraH11Jau1111 A11CKpeTHO, 

xoni: rpaHl1UhI Moryr ttMeTh pa3MhIThIH xapaKTep. B JTOM onpeJieH1111 3aJio:>KeHa 

B03MO:>KHOCTh 3BOJIIOUl10HHOro pa3BHTHH :>Kl1Bh!X Cl1CTeM . 

CsH3h Me:>KAy M11KpO- 11 MaKpOJBOJIIOU11eif orpa:>KeHa B JaKOHe roMoJiorH'Ie

cK11x p»AOB H. H. BaeuJJoea, co3.naswero yqeH11e o su.ne KaK o c11cTeMe. B JTOH 

Teop1111 BHYTPl1BHAOBaH H3MeH'Il1BOCTh nOJIHOCTb!O OTAeJieHa OT TaKCOHOMl1'Ie

CKl1X pa3Jil1'Il1H (snepsb1e TaKYIO nonhITKY npe.nnp11HHJI ,l1;'1C. PJìi) . B3rnHA Ha 

COOTHOWeHHe MHKpO- 11 MaKp03BOJIIOU110HHhIX npoueccos (KaK cpopM11pOBaHHH 

reHOcpOHAOB nonyJIHUHH, 3aseprnaIOIUHXCH B11A006pa30BaH11eM, 11 B03Hl1KHO

BeHl1H HOBOro 6oJiee KpynHor o TaKCOHa) MO)!(HO crpynnuposaTb B Tp11 OCHOB

Hb!e KOHuenu1111 - caJihTaUHOHHYIO, pe.nyKU110Hl1CTCKYIO H Cl1CTeMHyIO . 

Ca.J1bma14uoHHaJl KOH14en14UR paccMarp11saeT M11Kpo- u MaKpOJBOJIIOU11IO 

KaK KatJecTBeHHO pa3JIH'rnh1e u He CBH3aHHhie Me)!(AY co6oif npoueccb1, npo11c

XOAHIU11e Ha ypOBHe B11AOB. ITpu 3TOM Bl1A006pa30BaH11e np011CXOA11T O'JeHb 

6bICTpo (B TetJeH11e HeCKOJlhKl1X ITOKOJieHHH) 11 CBH3aHO e ITOHBJieH11eM HOBhIX 

cpopM, pe3KO OTJil1'1a!OlU11XCH 11 penpOAYKTHBHO 1130JI11pOBaHHh!X OT npeAKOBh!X 

cpopM. l1HhlMl1 CJIOBaMl1, M11Kp03BOJIIOU110HHhie npouecCbl np11BOAHT Jll1lllh K 

cpopM11poBaHl1!0 HOBh!X B11AOB KaK tJaCTHh!X OTKJIOHeHl1H OT npeAKOBOH cpopMbl, 

a MaKp03BOJIIOU110HHb!e npouecCbl Ka'IeCTBeHHO npeo6pa3yIOT JTH cpopMbl , np11-

tJeM He 3BOJIIOU110HHO, a peBOJIIOUHOHHO 11Jil1 CKa'IK006pa3HO. (CKa'IK006pa3-

Hb!e npeo6pa30BaHl1H, B pe3yJihTaTe KOTOpb!X B03Hl1KaIOT B11Ahl e HOBh!M Ha6o

poM np113HaKOB KpynHh!X TaKCOHOB, np11HHTO Ha3hIBaTh CGJlbma14UJlMU HJll1 

MaKpozeHe:JOM.) 
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CTopoHHHKH 3Toì1 Kottuerruww rrpwsneKaIOT caMhie pa:moo6pa3Hhie <PaKTo

pb1 : KpyITHhie («CHCTeMHhie») MyTaUHH, rrpHBOMIUHe B KOpOTKHe cpOKH K 3Ha-

4HTeJlhHhlM H3MeHeHH.IIM <PettOTHrra; pa3pyrnem1e 6woueH030B B pe3yllhTaTe pa3-

JlH4Hh!X KaTaCTPO<P 3eMHOfO HJlH BHe3eMHOfO rrpOHCXO)!()leHH.II; ropH30HTaJlhHhIH 

rrepeHOC reHOB MeìK.!lY pa3Hh!MH <PwneTHGeCKHMH JlHHH.IIMH; rrepeCTPOHKa paH

HHX CTa)lHH OHTOrette3a H T. )l. [88) . Pa3BHTHIO 3TOH TeOpHH crroco6crnoBanH 

naHHhie o IlO.IIBJleHHH Ka'ieCTBeHHO HOBhIX KpyITHhIX TaKCOHOB: 6eCXBOCTble aM

<Pw6HH (Triadobatrachus), qeperraxw (Proganochelys), 3MeH (Dinilysia), rrpen

CTaBHTeJlH 60JlhlUHHCTBa THITOB MHOfOKJleTO'iHhIX ìKHBOTHh!X [89]. 
Haw6oJiee BaìKHhIM aprYMeHTOM rrpoTHB cyruecTBeHHOH ponw MaKpOMYTa

uwì1 .IIBJI.IIeTC.II rrpHHI.(HilHaJlhHa.II HeB03MOìKHOCTh o6MICHHTh e HX flOMOIUhIO 

B3aHMOCB.II3aHHhie 3BOJlIOUHOHHhie rrpeo6pa30BaHH.II CJlOìKHhIX MHoro<PyttKUHO

HaJlhHh!X CHCTeM - KaK opraHH3MOB, TaK H 6HoueH030B, KOMITOHeHThl KOTOphIX 

HMeIOT pa3HOe rrpOHCXOìK)leHHe. TaK, )lh!XaTeJlbHa.II CHCTeMa y BhICIUHX Ha3eM

HhlX Il03BOH04Hh!X BKJlIO'iaeT JlerKHe H llh!XaTeJlhHhie IlYTH (pa3BHBaIOI.UHeC.II B 

OHTorette3e KaK BhlpOCThl 3HTonepMaJlhHOro rrmuesapHTeJlhHOro TpaKTa), CKe

JieTHhie H Mh!We'iHhie CTPYKTYPhI rpyn ttoì1 KJleTKH (Me3onepMaJlhHOro npowc

XOìK)lettm1). A )lhIXaTeJlhHa.II CHCTeMa CHa6ìKaeTC.II KpOBeHOCHhlMH cocynaMH H 

KOHTOp01IHpyeTC.II HepBHhIMH ueHTpaMH fOJlOBHOro H CilHHHOfO M03ra. Qqe

BHllHO, 'iTO HHKaKa.II e)lHHH'iHa.II MaKpOMYTaUH.II He MOìKeT o6ycJlOBHTh B03HHK

HOBeHHe H KOOpllHHaUHIO CTOJlh CJlOìKHOH KOMflJleKCHOH CHCTeMhl. ITpH 3TOM B 

4>HJIOreHe3e Ha6JlIO)laIOTC.II He3aBHCHMhie npeo6pa3oBaHH.II qaCTHhlX KOMITOHeH

TOB TaKHX CHCTeM (HarrpHMep, B 3BOJllOUHH .IIllOBHThIX YìKeH Boiginae yBeJlH'ie

HHe pa3Mepa .IIllOBHTh!X 3y60B H <PopMwposaHHe Ha HHX ìKeJI06KOB )lJl.II rrpose

neHH.II .lllla npOHCXO)lHJIO He3aBHCHMO npyr OT .upyra) [88]. 
CTopOHHHKH tteoKaTaCTP04>H3Ma BHllHT npH4HHY MaKpoMyrnuwì1 opra

HH3MOB H Ka'ieCTBeHHOfO npeo6pa30BaHH.II 6woueH030B B rno6aJibHhlX KaTaCT

pocpax, CTHMYllHpOBaBIUHX 6hICTpyIO 3BOJllOUHIO HOBh!X BHllOB. 8 KaGeCTBe 

npH4HH KaTacTpo<l> rrpenrronaraIOTC.II ycwnettwe synKaHH'ieCKOH n e.1ITeJlhHOCTH 

H <l>otta KOCMH'ieCKOH pa.uwauHH, CTOJlKHOBeHHe 3eMJlH e acTepOHllOM HJlH KO

MeTOH H T. n., rrpHBOll.III.UHe K 6woc<t>epHhlM KpH3HCaM, CHHìKeHHIO KOHKypeH

UHH H IlOBh!ll!eHHIO waHCOB Ha BhlìKHBaHHe «HOBhlX opraHH3MOB» - MaKpo

MYTaHTOB. · Ho B KpH3HCHhIX ycnoBH.IIX ne<Pwuwrn tteo6xonHMhlX pecypcos 

npOHCXOllHT o6paTHhlH rrpouecc - ttapacTaHHe KOHKypeHUHH B xone KaTaCT

po<l>wqecKoro OT6opa, 6narorrpH.1ITCTBYIOlUefO BhlìKHBaHHIO H pa3MHOìKeHHIO 

ttaw6onee ycTOH'iHBhIX K 3KCTpeMaJlhHhIM ycnoBH.IIM oco6eì1. 11, cnenosaTenh

HO, B pe3yllhTaTe 3TOro OT6opa )lOJlìKHhl Bh16paKOBb1BaThC.II MaKpOMYTaHThl, y 

KOTOph!X HeH36eìKHO HapyweHHe HHTerpauHH CHCTeM opraHH3Ma, GTO CHHìKaeT 

wx ìKH3Hecnoco6ttocTh. KpoMe TOro, B HCTOpHH 6woc<l>eph1 3eMJlH 6hIJlH ne

pHO.!lhI, He OTHOC.III.UHeC.II K 6woc<l>epHh!M KpH3HCaM (ttanpHMep, B cepe.uwtte 

Me3030.II c<t>opMHpOBaJlHCh opraHH3aUHH KpyrrtthlX TaKCOHOB - llHaTOMOBhlX 

sonopocneì1, rro1<ph1ToceMeHHhIX pacTettwì1, rrTHU, CYM'iaThIX w rrnauettTaptthIX 

MJleKOITHTaIOI.UHX), HO xapaKTepmyeMhie MaKp03BOJllOUHOHHhlMH rrpeo6pa30-

BaHH.IIMH. TaKHM o6pa30M, B03HHKHOBeHHe HOBhlX KpyrrHhlX TaKCOHOB MOìKeT 
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11pm1CXO).IHTh !1pH !103Tal1HOM 11peo6pa30BaHHH (HeCKOJihKO necllTKOB MHJIJIHO

HOB JieT) - 11epexon KOJill'IeCTBa B KalJeCTBO. 

fopH30HTaJibHhlH nepeHOC KaK cf>aKTop MaKp03BOJIIQl\HH HCllOJih3yeTCll ).\Jlll 

o6MICHeHHll KaK B03HHKHOBeHHll caJibTaUHH, TaK H 11apaJIJiemi3MOB B 6HOJIOrH

lJeCKOH 3BOJIIQ1\HH. Ee3ycJIOBHO, 3THM 11yreM MOryr B03HHKaTb HOBbie BH).lhl, HO 

HeT y6en.11TeJ1hHh1x naHHhJX o B03HHKHOBemm 6oJiee KpYllHhlX TaKcoHoB. B.11-

LIHMO, H B 3TOM CJIY'lae MO)l(HO rosopHTh JIHlllh o 11epeHoce cpparMeHTOB reHe

THlJeCKOro KO).la. 1fro )!(e KacaeTCll CJIO)l(Hb!X cpeHOTHllH'leCKHX CTpyKTyP, CJieny

eT YlJHTbIBaTb, lJTO TaKHe CTpyKTyPbl o6pa3ylQTCll B pe3yJihTaTe MHOrDllJiaHOBh!X 

B3aHMO.!{eHCTBHH pa3Hh!X Mopcf>oreHeTHlJeCKHX CHCTeM, KOHTpOJJHpyeMblX MHO

rHMH reHaMH. CJJenosaTeJihHO, tJeM 6oJibllle MaClllTa6 q~eponHoro reHeTH'le

cKoro cf>parMeHrn, TeM 6onhllle speMeHH rpe6yeTcl! opraHH3MY ).IJlll ero «ocsoe

HHjj», H TeM MeHbUJe UJaHCOB Ha Bbl)l(HBaHHe «HOBOro opraHH3Ma>>. 

TaKHM o6pa30M, MO)l(HO ClJHTaTh, lJTO B HacTOl!lllee speMl! caJibTaUHOHH3M 

He Halllen csoero HenpoT.11sopeq.11soro o6bllCHeHHll . 

PeòyKL{UOHUCmCKQJl KOH4en4UJ1 MaKp03BOJIIQl\Hll llOJIHOCTblQ CBO).IHTCll K 

cy11epn03Hl\HH MHKp03BOJIIQUHOHHhlX H3MeHeHHH B lllHpOKOH HCTOpHlJeCKOH 

11epc11eKTHBe (,li,. CHMncou, I>. Peurn, 3. Maìip H np.), T. e. , 110 cyr.11, CBOL\HT 

CBOHCTBa CHCTeMbl K CBOHCTBaM ee 3JJeMeHTOB, lJTO 11pOTHBOpe'IHT CBOHCTBY 

Hea)U(HTHBHOCTH. 

llpUHIJUn He3Q6UCUMOU 360fll01.JUU omÒeJlbHblX npU3HQK06 yrsep)l().l<!eT, 'ITO 

3BOJIIQl\HOHHbie H3MeHeHHll I1pH3HaKOB MoryT 11pOHCXO).IHTh He3aBHCHMO npyr 

OT L\pyra H KOHTpOJJHPYIDTCjj pa3HhlMH MOpcporeHeTHlJeCKHMH CHCTeMaMH, He 

CBjj3aHHhlMH KOppeJil!l\Hl!MH . 0TCIQ).la !10jjBJieHHe llpOMe)l(yTOlJHblX cf>opM B 

3BOJIIDUHH 6.11occf>eph1 - M03 QU'IHQJl 360fllOZJUfl. TaK, 3 BOJIIDUHOHHhie 11apanne

JIH3MhI OTlJaCTH MO)l(HO o6bl!CHHTh np.1106peTeHHeM CXO).IHhlX ananTaUHH ).IJijj 

opraHH3MOB, 06HTa1Dm.11x B CXOL\HhIX ycJIOBHllX BHelllHeì1 cpenh1. OnHaKo He

KOTOpb1e CXO).\Hhle MopcpocpyHKl\HOHaJihHhle H3MeHeHHjj y pa3HhlX rpy1111 opra

HH3MOB pa3BHBalQTCjj B CBjj3H e pa3Hh!MH 11p.11c11oco6JieHHl!MH HJIH )!(e caMH 110 

ce6e jjBJil!IQTCH a.uallTHBHO HeHTpaIIbHh!MH [88] . 
. TeMllhl MaKp03BOJllQUHH TaK)l(e He KOppeJIHPYIDT e 'I:eM!laMH MHKp03BO

JIIQl\HH, llOCKOJihKY ycKopeHHe H3MeHeHHH Ha MHKp03BOJllQUHOHHOM ypOBHe 

MO)l(eT llpHBeCTH K 6hlCTpOMY o6oco6JieHHIQ HOBOro BH).la, HO He 06ll3aTeJibHO 

npHBOL\HT K ycKopeHHIQ MaKp03BOJJIDUHOHHh!X H3MeHeHHH. B KatJeCTBe TaKoro 

o6oco6JieHHH )1,. CHMUCOH BH).leJI CMeHy ana11THBHh!X 30H (onpeneneHHOro TH-

11a cpe).lbl o6HTaHHll e COOTBeTCTBYIDlIIHM Ha6opoM )l(H3HeHHh!X pecypcOB HJIH 

011peneJieHHOro c11oco6a .11c110Jih30BaHHll )l(H3HeHHhlx pecypcos). 11 ycKopeHHe 

TeM!lbB MaKp03BOJIIQUHH npH CTaHOB11eHHH HOBOro KpyrrHoro TaKCOHa B pe-

3YJibTaTe 3Toì1 cMeHhJ Ha3bIBan «KBaHTosoì1: 3so111Du.11eih>. CHMncoH C'lHTaJI, lJTO 

!1pH OCBOeHHH HOBOH cpe).lbl o6HTaHHll HJIH HOBOro o6pa3a )l(H3HH HapYlllaeTCll 

paBHOBeCHe Me)l().ly cpenoii o6HTaHHH H opraHH3MOM (LIHCKpeTHOCTh ana11THB

Hh!X 30H), H OKa3aBUJaHCll B 3TOH HepaBHOBeCHOH CHCTeMe rpyrr11a opraHH3MOB 

111160 BhJMHpaeT, 11.1160 11epexon.11T B HOBYID ananTHBHYID 30Hy. B pe3yJihTaTe 
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npo11cxo.u}IT MaKp03BOJJIOUl10HHHhie 113MeHeH11H. Ho, so-nepBhIX, cpopM11posa

H11e HOBoro KpynHoro TaKCOHa np11 onpe.ueneHHh!X ycnOBl1}IX B03M0)f(H0 B CTa

pOH a.uanT11BHOH 30He. A BO-BTOphIX, B 3BOJJIOU1111 611occpepb1 MHOro'-rncneHHhI 

np11Mepb1 npoMe)f(YTOqHhJX a.uanT11BHh1x 30H 11 TaKCOHOB . Hanp11Mep, 3Me11 

npo1130ll1Jll1 oT O.llHOH 113 rpynn »mep11u np11 ocsoemm 11x npe.uKaM11 cKphITHO

ro 11 oTqacnt poI-Omero 06pa3a )!(113HH; cospeMeHHbie a.uanT11BHhie 30Hhl »me

pHU 11 3MeH, B OCHOBHOM, pa3JllfqHhl, a B npoMe)f(YTOqHhlX a.uanTHBHhlX 30Hax 

o6HTal-OT rpynnhI p01-0J.U11X »mep11u 6e3 KOHe'!HOCTeH 11 pOI-Oll.lHX 3MeH, KOTOpbie 

coxpaHHIOT OCHOBHhie qepTbl opraHH3aUHH CBOero Kpynttoro TaKCOHa. TaKHM 

o6pa30M, B HaCTOHmee BpeMH cymecTBYIOT npoMe)f(YTOqHbie a.uanTl1BHbJe 30Hhl, 

HO OTCYTCTBYIOT npoMe)f(YTOqHbJe COBpeMeHHble cpopMbl Me)f(.uy 3TliMH .llBYMH 

rpynnaMH opraHl13MOB. I-I, cne.uosaTeJlbHO, CMeHa a.uanTHBHblX 30H He o6bHC

HHeT KBaHTOBYI-0 3 BOJlIOUHIO li He MO)f(eT 6hITh np11qHHOH cpopMHpoBaHHH HO

BblX Ha.UBli.llOBhIX TaKCOHOB [88]. TaKHM o6paJoM, pe.uyKUHOHHCTcKa» KoHuen

UliH He 06bHCH}IeT OCHOBHhie 3aKOHOMepHOCTH 6HOJlOrH'leCKOH 3BOJll-OUHli. 

B COOCTBeTCTBHl1 e cucmeMHOìi KOHlJenlJueìi, MaKp03BOJlIOUHOHHbie npo

ueCCbl Heaa.u11T11BHO HHTerplipyI-OT MHKp03 BOJJIOUliOHHhie li3MeHeHliH. B oc

Hose 3TOH K0Huenu11H ne)f(HT w1me2pamu3M B. A. 3ureJihrap;:na 11 MeTo.uo

nom» cHcTeMHOro no.uxo.ua, p a3p a6oTattHaH JI. liepTaJiamJ>u 11 H. H. lllMaJih
ray3euoM. 

bliOJlOrlfl-JeCKlie CHCTeMbl p a3Jl H'laI-OTCH xapaKTepoM .llHcpcpepeHu11au11H H 

11HTerpau1111 cTpyKTypHhIX 3neMeHTOB, qTo onpenen»eTC}I Ha6opoM 3JJeMeHTOB 

H CTeneHhIO )!(eCTKOCTH CBH3eì1 Me)f(ny HHMli . I-I CTeneHb )f(eCTKOCTH CBH3eH 

Me)f(.uy 3JleMeHTaMH CliCTeMbl nponopu110HaJlbHa CTeneHH .u11cpcpepeHUHal.{1ili, 

CJJO)!(HOCTH 11 ynop».llO'leHHOCTli CliCTeMHOH opraH11JaUHli. B Koppe;z514uoHHbIX 

(:J1CecmKux) cucmeMax 113MeHeHHe o.uttoro 3JleMeHTa conpoBo)!(.llaeTcH cooTBeT

CTBYIOJ.UHMl1 H3MeHeHHHMH .upyrlix ( opraHH3Mbl H 60Jlhllll1HCTBO BHyTp11opra

Hl13MeHHhlX CHCTeM, o6pa3yI-Oll.lliX 11epapx11IO OT KJleTKl1 .llO Cl1CTeMhl opraHOB). 

IIp11 3TOM B TaKOH c11cTeMe cymecrnyeT 06m11i1 liHTerp11pyIOll.lliH ueHTp: B op

raH113Me - 3TO HepsttaH c11cTeMa, B KJJeTKe - ».upo. B cmoxacmu1JecKux (òuc

KpemHbIX, UJlU KOpnyCKYllRpHblX) cucmeMax TaKOro l1HTerp11pyI-Omero ueHTpa 

HeT, H yTpaTa liJil1 113MeHCHHe OT,[(CJlhHhIX 3JlCMCHTOB He Bcer.ua BJleqeT 3a co-

6oì1 H3MCHCHHH .upyrnx 3JlCMCHTOB (nonyJJHUlil1, Bli.lla, 3KOCl1CTCMbl, 611occpe

pb1) - B 3KOCl1CTeMax pa3HhIC nonyn»u1111/Bl1.llhl 3aHliMalOT pa3Hhle 30Hhl B 

TpOcpH'{eCKl1X cernx, a B reo611occpepe a6110TH'ICCKaH li 6110T11qecKaH COCTaB

JlHl-Oll.ll1e He MOrYT nOMCHHTbCH MCCTaMl1. 

HanpasmIOm11e cpaKTophI 3BOJJI-OUHH ycnostto nonpa3.llCJI}II-OTCH Ha TpH Ka

Terop1111 - reHCTl1'{CCKHe, MOpcporeHeTH'{eCKl1e H MOpcpocpH31iOJIOrHqecKHe. 

Ecn11 npouecch1 Ha reHeTl1'{eCKOM 11 MopcporeHeTli'!ecKoM ypoBHHX OTpa)!(eHhI 

KaK B M11Kp0-, TaK 11 B MaKp03BOJil-OUH11, TO Ha MOpcpocpH31i0JlOfl1'{CCKOM ypOBHe -

TOJihKO B MaClllTa6ax MaKp03BOJJIOu1111. Mopcpocpli311onor11qecKHe 3BOJJIOU110H

Hhie B03.llCHCTBl1}I o6ycJJOBJleHbl He06XO.lllfMOCTbl-O Ka'leCTBeHHOfO «nepecpopMa

T11pOBaHl1H» opraHl13MCHHh!X Cl1CTeM, HHTerplipOBaHHhIX ananTHBHO 11Jll1 cpyHK-
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u110HaJihHO. H HMeHHO npouecchI Ha Mopcpocj:>11311011orw1ecKOM yposHe BJIHl!IOT 

Ha rrporpeccHBHhIH xapaKTep MaKpo3BOIOUHH. ITp11 3TOM HeKOTOpb1e Myra1111rr, 

B pe3yJihTaTe OTC)'TCTBH51 COOTBeTCTBymmrrx 6HOXHMH1-IeCKHX rrpe)lIIOChIJIOK, OKa-

3bJBalOTCll )lJI5I )laHHOfO reHOTHIIa 3arrpemeHHhIMH (HaIIpHMep, CHHHe H 3eJieHhie 

OKpaCKH rna3 )lJI5I Myx-!lpo3ocp1111). A HeK0Topb1e pa3perneHHh1e Myraurr11 rrprrso

)ll!T K HapyrneHHlO MOpcporeHe3a (HarrpHMep, MOpcporeHen1qecKHe IIOCJie)lCTBHll 

Myraum1 spmK)leHHOH rn)lpo11ecj:>aJI1111 y )lOMOBOH MhIWH) [88]. To ecTh Bh16op 

B03MO)!(HhlX HarrpaBJieHHH 11 Macwrn6os 3BOJilOl(HOHHhlX rrpeo6pa30BaHHH orpa

HH4HBaeTCll cneKTPOM B03M0)!(HhlX H3MeHeHHH B OHToreHe3e. 

I10)l06HO MHKp03BOJilOl(HH, MaKp03BOJilOl(Hll xapmcrepmyeTCll qepe)lOBaHH

eM KpaTKHX H )lJIHTeJihHhIX rrepHO)lOB - B )laHHOM CJIY4ae THrrorette3a (I O-30 MJIH 

JieT) H THI10CTa3a (cOTHH MHJIJIHOHOB JieT). 0TMeTHM, 4TO B nepHO)l THrrorette3a 

<iJopMHpOBaHHe KOMilJieKca npH3HaKOB HOBOro KpynHoro TaKCOHa npOHCXO)lHT 

B Te4eHHe OTHOCHTeJihHO KpaTKOfO rrpoMe)f(yTKa speMeHH, 4TO xapaKTepHO )lJlll 

Teop1111 KBaHTOBOH 3BOJII0l(HH, H CBl!3aHo e nop0206blM yp06HeM ycmOUl./U60-

cmu opraHH3MOB H TaKCOHOB. lJepe)lOBaHHe CilOKOHHhlX H 6bICTphlX rrepHO)lOB 

rrpH)laeT MaKp03BOJilOl(HH 11yJihCHpymm11tt xapaKTep, 4TO xapaKTeptto )lJill 3BO

JI!Ol(HH caMhlX pa3HhlX HeJIHHeHHhIX MHOfOKOMIIOHeHTHhIX CHCTeM. 

CaMhlH npOCTOH sapHaHT TaKoro qepe)loBaHHll OTHOCHTCll K KoppeJilll(H

OHHhIM CHCTeMaM <iJeHOTHna. 0)lHOBpeMeHHOe HJIH CTporo IlOCJie)lOBaTeJihHOe 

B03HHKHOBeHHe scex He06XO)lHMhlX MYTaUHH MaJiosepOl!THO, I103TOMY Ha nep

BhIX 3Tarrax 3BOJI!Ol(HOHHhIX npeo6pa30BaHHH TaKHX CHCTeM Ba)f(HYIO pOJih MO

ryr HrpaTh MO)lH'ÌJHKal(HOHHbie (HeHaCJie)lCTBeHHbie) H3MeHeHHll B3aHMOCBll-

3aHHhIX 3JieMeHTOB. HeKoTopoe speMl! 3TH H3MeHeHHll ocTaJOTCll B npe)le11ax 

rrpe)!(Hett HOpMhl peaKl(HH, HO npH onpe)leJieHHOM HaKOnJieHHH Moryr rrp11sec

TH K Ka4eCTBeHHhlM rrpeo6pa30BaHHllM cj:>eHOTHna. HHhIMH CJIOBaMH, TeMilhl Ha 

MaKp03BOJI!Ol(HOHHOM ypoBHe CBll3aHhl e TeMrraMH MHKp03BOJI!Ol(HH. B TO )!(e 

BpeMl! TeMilhl MHKp03BOJilOl(Hl1 B pa3Hhle rrepHO)lhl MaKp03BOJII01(110HHhlX rrpe

o6pa30BaHHH Moryr OCTaBaThCll Ha HeKOM ycpe)lHeHHOM ypoBHe (Ha OCHOBe 

rrpoueccoB M11Kp03BOJI!Ol(HH KaK B rrepHO)lhl Tl1IIOreHe3a, TaK H B rrepHO)lhl TH

rro.cTa3a rrpOHCXO)lHT pa3BeTBJieHHe 06oco611eHHhlX cj:>1rneTH4eCKHX JIHHHH -

aòanmU6HQfl paòual.{Ufl), HO CKOOp)lHHHpOBaHHOCTh MHKp03BOJI!Ol(HOHHhIX 

rrpoueccos 3Ha4HTeJihHO ycKOpl!eT TeMrrhI MaKp03BOJIIOUHH. HHhIMH c11osa, 

rrpe)lIIOJiaraeTCll, 4TO B IIOTOKe MaKp03BOJilOl(HH MOryT rrpOHCXO)lHTh )lp06Jie

HHe rpy6oK TOKa H B03HHKHOBeHHe Typ6y11eHTHOCTeH. 

B OTJil1411e OT MHKp03BOJI!Ol(HH MaKp03BOJI!Ol(HOHHhJe rrpo11eccb1 Heo6-

paTHMhl. 3aKOH Heo6pamUMOCmU 360lll01.fUU, rnacl!mHH, 4TO opraHl13M HH 11e

JIHKOM, HH )la)f(e OT4aCTH He MO)f(eT sepHyThCll K COCTOllHHIO, y)!(e ocymecT

BJieHHOMY s pll!lY ero rrpe!lKOB, 6hrn ccpopMy1111posaH B 1893 r. JI. ,11.oJIJIO. 

0THOCHTeJibHO OT)leJibHhlX rrp113HaKOB 3BOJil01(110HHhIH perpecc rrocpe)lCTBOM 

o6paTHhIX MyTal(HH H HeKOTOpblX !lpyr11x MexaHH3MOB B03MO)!(eH, HO )lJill op

raHl13Ma KaK e)lHHOH CHCTeMhl 3TOT 3aKOH )leHCTByeT. ,11.a)!(e npH B03BpameHHH 

cp1111eTH4eCKOH JIHHHH B a)laIITHBHYIO 30HY rrpe)lKOB, aHaJIOfH yTpaqeHHhlX B 
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XO,lle 3BOJIIOU1111 opraHOB p33Bl1BaJOTCll 3aHOBO 11, KaK rrpaBMJIO, 113 .npyr11x 3Jie

MeHTOB opraHl13Ma. 

MapKOB 6 360fll01JUU maKCOH06 6blÒeJ1Rem tJemb1pe :Jmana [89]: 

• llOllBJieH11e HOBOro CTapwero rro pattry TaKCOHa 11 OCBOeH11e HOBOH anarr

TMBHOM 30HbI; 

• pacuseT rro Mepe 1arronHeHl1l! a.narrTl1BHOH 30HhI 11 p33MHOJKeHMll Tpoqm-

4ecK11x ceTeii; 

• yTia,llOK, CBl!3aHHb!H CO crreu11anmau11eì1 11 Clla,llOM 611opa3H006pa311l! TaKCOHa; 

• coxpaHeH11e peJil1KTOBhlX 811,llOB. 

QqeBM,llHO, LITO secb UHKJI e Ha1160JihWeì1 sepOllTHOCThlO rrpOXO,lll!T 6e3-

p33,lleJihHO ,llOMl1H11py10m11e TaKCOHhl, llOCKOJihKY OTCYTCTBl1e 3,llOpOBOM MelK

rpyrrrroBOH KOHKypeHu1111 rrp11so.n11T 11x K Y3KOH crreu11an113au1111 11 Heo6paT11-

MOCT11 U11KJia. 

lllTaK, K Ha116onee cyw.ecrneHHblM np113HaKaM MaKp03BOlllOLl,1111 OTHOCllTCH He

paBHOMepHOCTb TeMnOB MaKp03BOJllOLl,1111, HanpasneHHOCTb 3BOJllOLl,110HHOro 

npou,ecca, 3son10u,110HHb1ì1 napannen113M, CBH3aHHblì1 e He3aBHCHMblM np1106-

peTeHHeM pa3HblMl1 BH,llaMH CXO,llHblX np113HaKOB, 11 Heo6paTHMOCTb. 

5 .3. 3BOJIIOUH5I 6ttoccpepbI. 

3aKOHOMepHOCTH H MexaHH3Mbl 

>K"1Bble opraH"13Mbl - 3TO o6beKTbl, Aa11eK1<1e OT 

paBHOBeC"1fl H OTAelleHHble OT Hero HeyCTOH4HBOCTflM"1. 

11. np11ro>K11H 

Tipo6JieMa CYIUHOCTl1 11 rrp011CXOJK,lleHl1ll ((JKl1BOro», rro BCeH Bepol!THO

CTl1, 3aH11Ma11a qenoseKa e Toro speMett11, Kor.na OH cTaJI Homo sapience. Ha 

rrepso6h!THOM 3eMJie rrpo11CXO,lll1Jil1 a611oreHHbJe Cl1HTe3hl yrnepO,llHCThIX co

e,ll11HeH11i1. 11 11x rrocne.nyJOIUall caMoopratt113au11ll B c11cTeMe aKT11BHhIX cpe.n e 

pa3Bl1Tl1eM ,llO ypOBHll rrpe.nweCTBeHHl1KOB lKl1BhlX KJieTOK . .D,anee rrpe.n611ono

rML!eCKal1 3BOJIJOU11ll rrepewna B CTa,lll1JO 611onor11L1eCKOM 3BOJIIOU1111 B pelKl1Me 

reo611occpepHOM K03BOJIIOUl111. 

3BOJIIOU11ll, B caMOM w11pOKOM CMhlCJie, 03Ha4aeT pa3B11Tl1e, 11 B OTJil1411e 

OT peBOJIIOL\1111 - 3TO llOCTerreHHOe pa3Bl1TJ1e (6yKBaJihHO, CJIOBO «3BOJIJOU11ll» 

6brno BBe,lleHO m. l>OHHe B XVIII B.). B3rnll,ll Ha M11p KaK Ha rnraHTCKl1M op

raHl13M, xapaKTep113yeMblM rrporpeCCl1BHhlM pa3BJ1Tl1eM, BhJCKa3hIBaJil1 eme 

flnaToH, AsrycTHH 11 KauT, HO e rroHl!Tl1eM «3BOJIJOU11ll», rrpeJK.ne scero, ac

coum1py10TCll rrpe.ncrnsneHMll 06 3BOJIJOU1111 611occpeph1 - OT rrpocTeiiw11x -

K MHOrOKJieTOL!HhlM . 

3BOJIJOU110HHhJe 11.ne11 B03HJ1KaJil1 YlKe B aHTl14HOCTl1, 0,llHaKO rrpo6JieMa 3BO

JllOU1111 11 rro ceii .neHh l!BJilleTCll O,llHOH 113 cnoJKHeì1w11x B ecTeCTB03HaH1111. H rro 
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ceii J_.\eHb ttay<IHbIM coo6mecTBOM tte Bb1pa6orntta eJ_.\1rnall MeTOJ_.\onorw1ecKal! cxe

Ma :noro MttoronnaHoBoro rrpouecca. ,ll,a)Ke rrpeACTaBnettne o TOM, 'ITO )KHBal! 

rrpnpo)_.(a 3BOITIOUHOHHpyeT, yrnep)_.(HITOCb B 6HOJIOrHH TOJ!bKO BO BTOpoìi IIOJIOBHHe 

XIX B. BOrrpeKH pen11r1103HbIM J_.\OrMaM. Ho TOITbKO B XX B., e cmJ_.\aHHeM reHeTH

KH, 3BOJIIOUHOHHOe y<1eHHe o6peno MOITeKymipH0-6HOJIOrw1ecKYIQ OCHOBY. 

B KHHre «PewaeMbie 11 HepewaeMbJe rrpo6neMbI 6nonorHLfecKott cptt311KH» B 

LfaCTH «HepewaeMbJe rrpo6neMbI. .. » JI. A. liJIIOMemJ>eJihJJ. rrnweT: «Ilporpec

CHBHaj! 3BOJIIOUHj! - 3TO C03)_.\aHHe B XO)_.\e ee rrpouecca BCe 6onee opraHH30BaH

HblX, CJIO)KHbIX, ueneHarrpaBJieHHbIX CTPYKTYP» [87]. UeneHarrpaBJieHHOCTb 

cpyHKUl10H11po0aHHj! 6nonor114ecKHX CTPYKTYP Bcex ypoBHeìi, Bocrrpntt11MaeMal! 

HaMH KaK 611onorw1ecKal! uenecoo6pa3HOCTb, B orrpe)J.eJieHHbIX acrreKTax o6cy

)K.[(aeTcl! 11 B yrroMl!HY'fOH MOHOrpacp1111, H B HaweM 113)..\aHHH. Ilepe)_.( HaMH BO

IIHIOW,ee HeCOOTBeTCTBHe - Re HMeIOW,al!, e T0'1Kll 3peHHll ecTeCTB03HaHllll, ue

JIH 6nonorn11ecKal! 3BOJIIOU11ll cpopM11pyeT CTPYKTYPbI H 11ttcpopMaUHIO o HllX, 

o6naJ_.\aIOmlle CMbICJJOM li uenettarrpaBJieHHOCTbIO. B 3TOM cocTOHT YAHBllTeJib

tteìiwee CBOHCTBO 6l10JlOrH11eCKOH 3BOITIOUH11. l1 AapBHHOBCKaj! TeopHj!, KaK 11 ee 

coBpeMeHHbie rrpOAOJI)KeHHj!, nccneAyeT MexaHl13MbI ITOA06Horo CTPYK'fYPHpo

BaHHll B 3BOITIOU110HHPYJOW.HX Cl1CTeMax. Eme MeHee OLfeBH)_.\eH OTBeT B o6paT

HOH 3a)_.(a11e: Mory-r ITH, a TOrJ_.\a e IIOMOIIl,blO KaKHX MexaHH3MOB, o6peTIIIlle B xo

J_.\e 611onorn11ecKoìi 3BOJIIOUHH crroco6HocTb K uenecoo6pa3HOCTH 6nonor11Ye

cKHe CTPYKTYPbI BITll}ITb Ha Bb16op 3BOJIIOUllOHHpy10mnx c11cTeM B T04Kax 

6ncpypKau11n. Pa3YMeeTrn, pe11h HAeT He o HhrnewHHX reHHOl1H)KeHepHbIX Textto

norllj!x, a o B03MO)KHOCTH cyw,eCTBOBaHHj! B II0)..\06Hb!X CJIO)KHbIX Cl1CTeMax ue

nerronaraIOW,11X o6paTHhIX CBl!3ett Me)K.[(y 3BOITIOUHOHllpYJOW,11M reHOMOM rrorry

ilj!UHH li BllAOB 11 «BeKTopoM» nx 11HTerpanbHoro pa3Bl1Tl1}1. Ecnn )Ke 3TO cncTeMa 

II0)_.\06Ha 6poyHOBCKOH, TO B KaKOH Mepe 3TH o6paTHhie, IIOJIO)KHTenbHbJe 11 OTPl1-

UaTeJihHhle o6paTHhie CB}l3ll crroco6HhI yrrpaBilj!Th «6poyttnpoBaH11eM»? 

B KJiaccnYecKoìi reHeTHKe rrpeo6na)_.\aeT rrpeACTaBnettne o cny11aìiHOM xa

paKTepe My-raunìi. HeOJ_.\H03Ha4HOCTh COOTHOIIIeHHj! My-raunìi, OT6opa H 3BO

ITIOU1111 DJIIOMeHcpenb)_.\ OII11ChIBaeT cneJ_.\yIOW.HM o6pa30M: «CTporo roBOpj!, 3BO

JIIOUHOH11pyeT reHOTHII, a ecTeCTBeHHb!H OT6op H BCe 113MeHeH11ll OKp~aIOrn,eìi 

cpe)_.(hl J_.\eHCTBYIOT TOJ!bKO Ha cpeHOTl1II. 'ho6bl CTaTb o6beKTOM eCTeCTBeHHOro 

OT6opa, OJ_.\HaKO, 113MeHeHHe cpeHOTHrra Tpe6yeT orrpe)_.(eJieHHOH YHHKaJihHOH 

IIOCJie)_.\OBaTenhHOCTl1 113MeHeHl1H reHOTHrra. l1 ecTeCTBeHHb!H OT6op He 6y)_.\eT 

3cpcpeKTHBeH )_.\O IIOCJieJ_.\Hero H3MeHeHHll B 3TOH IlOCJie)_.\OBaTeJibHOCTH. 0)..\Ha 

uerr04Ka ,ll,HK )KHBOTHOH KJieTKH CO)_.(ep)KllT OKOITO I 09 
HYKITeOTH)_.\OB H nerno 

IIOC4HTaTb, 4TO BepOl!THOCTb cJiyLfattHOro Bb16opa orrpe)_.(eneHHOH IIOCJie)_.\OBa

TenhHOCTH, BbI6opa, HarrpHMep, )_.\eCl!T.11 ,,rrpaBHJ!bHb!X" MyTaUHH (,,rrpaBHITb

HhIX" H3MeHeHllH reHOTHrra) COCTaBJil!eT OKOJIO 10-40
. Cny'laHHOe 113MeHeH11e B 

reHOT11rre rrp11B0)_.\11T B ITy<IIIIeM CJIY'fae K 113MeHeHl1IO O)_.\HOro KO)_.\OHa, T. e. K 113-

MeHeHHIO O)_.\HOH aMHHOKHCJIOTbl B O)_.\HO~ 6eJIKe» [90]. 3TOT BOrrpoc, Ha Haw 

B3rJill)..\, He HMeeT OKOH'laTeJibHOro OTBeTa H B ycTOl!BllIHXCll, H B HOBeHUIHX 

3BOJIIOUHOHHb!X TeopHl!X. 
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CymeCTByeT eme o,nHa npo6neMa YJl<e He CO CTOpOHbI reHoMa, a CO CTOpOHbI 

Ko,nttpyeMbIX HM 6enKoB. I1po6neMa npe,ncTaBmrnacb Hepa.3pewttMOH B paMKax 

Knaccw1ecKttX mrneHHbIX no.nxo.nos. Pe'Ib 11,neT o np11Hl(ttnttanbHOH B03MO)l(HO

CTH co3,naHm1 qero-ntt6o HOBoro, CJIO)l(Horo 11 611onorttL1ecKtt uenecoo6pa.3Horo e 

nOMOU\blO OT6opa MaJiblX H cnyqaHHb!X OTKITOHeHHH, T. e. OTKJIOHeHHH, 11Mel0-

IUHX xapaKTep cjmyKTYauttif. TaK, cpe,nH5!5! .nn11Ha 6enKa cocTaBJI5leT 100 aMttHO

KHCJioT; Bcero aMHHOKHCJIOT - 20; B03M0)1(Hb!X KOM6ttHal(HH pacnOJIO)l(eHH5! 

aMl1HOKHCJIOT - 20 100
. ~a)l(e eCJIH npe.nnoJIO)l(J1Tb, LITO BpeM5! O,nHOro «11CilbJTa

HJ15!)) COCTaBJI5leT 0,01 e (xapaKTepHoe BpeM5! cj>epMeHTaTHBHOro aKTa), TO o6mee 

speM5! nepe6opa 3aifMeT npttMepHo 2098 
c. 3rn npeBhiwaeT speM5!, npowe)..(111ee 

e MOMeHTa <<l>onbworo B3pbrna». C11Tyau1151 He c11nhHO tt3MeHHTC5!, ecm1 «uene

coo6pa3HO» 6brno 6h1 B pe3yJihTaTe o6mero nepe6opa Bh!6opo4HO 3aMeHHTh 

3-5 aMHHOKHCJIOT B aKTHBHOM ueHTPe KaKOro-Jitt6o cj>epMeHTa ,nJI5! «ynyq111e

Hl15!» ero cneuttcj>W-IHOCTH. 3To paCCYJl<)..(eH11e paHhWe npttBO,nHJil1 B Ka'!eCTBe 

cephe3Horo B03pa)l(eH1151 npOTHB KJiaCCH'IeCKHX no.nxo,noB K TeopHH 3BOJIIOUHl1. 

Ho nepe611paTh sce B03MO)l(Hbie sap11aHThI B Ka)l()..(OH cttryau11tt flpttpo.ne co

sep111eHHO He o65!3aTeJihHO . TaK, 3yKap110T11L1ecKa5! KJieTKa He CMorna 6b1 B03-

HHKHYTh nYTeM oT6opa rnyqaifHbIX MYTau11n s onpe)..(eJieHHOM KnOHe 6aKTepttH, 

HO 3TO CTaJIO B03MO)l(Hb!M 6naro)..(ap5! 06be)..(11HeHl1IO B HOBh!H CHM6HOTW!eCKHH 

opraHH3M pa.3Hb!X <<rOTOBbIX K ynoTPe6neHHIO» 6aKTepHailhHb!X KneTOK. 

B Mo,neJihHhIX ycnos11l!x 113 cMectt aM11ttoK11cnoT ,noCTaTO'IHO npocTo cj>op

M11py10Tc5! on11rononttnenTH)..\bl (.no .nec5!TKa aMHHOKl1CJIOT). 3Tl1 MOJieKyJihl 11C

xo,nHO o6Jia)..(aIOT 3aBl1ClllUl1M11 OT nocne,noBaTeJibHOCTl1 11 Ha6opa aM11HOKl1CJIOT 

cna6o Bbipa)l(eHHhlMl1 KaTaJil1T114eCKl1Ml1 11Jil1 .npyr11M11 cj>yHKU110HailbHb!Ml1 

csoifcTBaM11. B np11Hu11ne, np11 3apO)l()..(ett1111 )1(113Hl1 )..(OCTaTO'IHO 6hrno B03HHK

HYTh ttecKOJihKl1M .nec5!TKaM no)..(o6HhIX KOpOTKl1X non11nenT11)..(0B, 4T06b1 noTOM 

113 Hl1X, nYTeM KOM611tt11poBaHl15!, MOrJil1 ccj>opMttpOBaTbC5! pa3Jil14Hhle ceMeHCT

Ba «cj>yHKUl10HaJibHO Bbipa)l(eHHbIX» nonttoueHHbIX 6enKoB. Bonpoc B TOM, KaK 

Ilp11po)..(e MO)l(HO 6brno coxpaH5!Tb 3TY HOB006peTeHHYIO 11Hcj>OpMal(HIO )..\JI5! pa3-

Bl1Tl15! Cl1CTeMbl. C pa3Bl1T11eM HayKl1 CTaJil1 6onee npe)..(Il04Tl1TeJibHbIMl1 npe)..(

CTaBJieHl15! 06 «11rpe B KOCTl1» YJl<e tte Ha ypoBHe non11nenT11,nHbIX ueneif, a Ha 

ypoBHe non11ttyKneoT11)..(oB. Bonpoc, ocTasw11ifc51 tteoTBe'!eHHbIM 11 nottbrne: 

KaK11M o6pa30M B npouecce 3BOJIIOUl111 y,na'!Hal! KOM611Hal(l15! aMl1HOKl1CJIOT B 

HY)l(HOM yqacTKe non11nenTl1)..(HOH uen11 Morna 6b1 ueneHanpasneHHO 11 O)..(H0-

3Ha'IHO «onoBeCTl1Tb» reHOM KJieTKH 06 y)..(a'IHOM BbI6ope. 

Teop1111 611onor11qecKOH 3BOJII01(1111 C03)..(asan11cb 611onoraM11 3a,nonro )..(O 

B03H11KHOBeHl15! Teop1111 Cl1CTeM 11 Cl1HepreTl1Kl1, a B He,naBHee BpeM5! 11 )..\OCTaTO'I

HO He3aBl1Cl1MO OT Hl1X. 0,nHaKO 11MeHHO 3Tl1 Teop1111 B Hal160JibWeH CTeneHl1 HY

)l()..(aJil1Cb B He3aBl1C11MOM B3rJI51)..(e Ha npe.nMeT 11CCJie)..(OBaHl15!. fIO)..(C03HaTeJibHOe 

)..(aBJieH11e 11CXO)..\HOro 3Ha'IeHl15! nOH5!Tl15! ((3BOJII0l(l1ll» KaK nocTeneHHOro nepeTe

KaHl15! nporpecc11py10IUl1X cj>opM )..(Onroe BpeM5! ,nOMl1H11pOBaJIO B 3BOJIIOUl10HHb!X 

TeOp1151X. B HaCT05!IUee BpeM5!, no BCeH Bl1)..(11MOCTl1, pa3peW11JIC5! )..(aBHl1H cnop 

Me)l()..(y np11sep)l(ettuaMH Teop1111 noCTeneHHOH 3BOJIIOUl111 (rpa)..(yaJil13M) 11 CTO

pOHHl1KaM11 cKa4Koo6pa3HOH 3BOJI10u1111 (nyttKTyan113M). AHan11T11L1ecKttH no.nxo.n 
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K 3BOJUOU110HHOMY npoueccy e He06XO)ll1MOCThJO Bhl)lBl1raeT 11.ue11 6mpypKaUH

OHHOro 11, KaK CJie)lCTBl1e, CTYneHqaToro pa3B11Tl1.!I nonyruUHH, coo6mecTB 11 

611occpephI s uenoM. IIo.uo6Hoe coo6pmKeH11e sce eme He .!IBJij!eTC.!I Teop11eì1, HO 

onpe.ueJI.!leT no.uxo.u, KOTOphIH MOlKeT JielKaTh B OCHOBe a.ueKBaTHOH Teop1111. 

Boo6me JKe B TeopHH 611onor11qecKOH 3BOJIJOU1111 CYIUeCTsyeT MHoro He 

npOCTO pa3Hh!X, HO 11 B3aHMOHCKJIJOqaJOIUl1X MeTO)lOJIOr11qeCKHX IIO)lXO)lOB, 11 

BCe OHl1 HanpaBJieHhl Ha BhrnCHeH11e flYTeH 11 MexaHl13MOB 3BOJIJOU1111 611occpe

ph!. BoT HeK0Toph1e 113 HHX, npe.ucTasneHHhie B. A. PaTuepoM B 011.ue qacT11q

HO nepeKphrnaJOmeroc.!I Ha6opa aHrnTe3 [90] : 

• np.11Moe np11cnoco6n eHHe e nocne.uyJOIUl1M Hacne.uosaH11eM «6naronp11-

06peTeHHhIX» npH3HaKOB (naMapKH3M) - OT6op oco6e?i Ha OCHOBe 11X 

113MeHql1BOCTH (.uapB11Hl13M); 

• HanpaBJieHHhIH OT6op (a.uaIITHBHa.!I 3BOJIJOUH.!1) - cnyqaHHhIH .upe?icp (HeH

TPaJihHa.!I 3BOJIJOU11.!1); 

• OT6op cnyqaHHhIX MyTaUHH, B03Hl1KaJOIU11X no.u B03)leHCTBHeM BHeIIIHl1X 

cpaKTopoB (ceneKToreHe3) - oT6op HecnyqaiiHhIX MYTaUHH, B03HHKaJO

IUHX no.u B03)leHCTBl1eM BHyTpeHHl1X cpaKTOpOB (opToreHe3, HOMoreHe3), 

HanpasneHHa.11 3BOJIJOU11.!I ; 

• cnyqa?iHOCTh - npe.uonpe.ueneHHOCTh Hacne.uyeMOH 113MeH'IHBOCTl1. 

3neMeHTapHhIMl1 e.u11HHUaM11 3BOJIJOU1111 611oueH030B CJIYJKaT nonyn.!IUH11. 

B reHeT11qecKOM OTHOWeHl1H 3BOJIIOUl1.!1 KOHUeHTPl1PYeTC.!I B 6HonomqecKH ue

necoo6pa3HhIX H3MeHeHH.!IX reHocpOH)lOB nonymu11?i - M11Kp03BOJIJOUHH. e .upy

ro?i CTOpOHhl, MaKp03BOJIJOU11.!I - Ha.unonymu110HHhIH npouecc, .!IBJI.!IJOIUHHC.!I 

cynepn03HU11eH MHKp03BOJIJOUHOHHhIX npoueccoB B 611oueH03aX B WHpOKOH HC

Top11qecKOH nepcneKT110e. Hacne.uyeMhie H3MeHeHH.!I B O.UHOH nonyn.11u1111 MOfYT 

npHBO)lHTh K H3MeHeHl1.!IM B .upyroìi; a nocne)lHHe, B CBOJO oqepe)lh, Bhl3hIBaJOT 

113MeHeHH.!I B nepso?i H T . .u. Pa3BHT11e no.no6Horo aJih.!IHCa so 0peMeH11 (11 B npo

CTPaHcTse!) Ha3hrnaeTc.!I K03BOJIJOUHe?i. B uenoM 611onomqecKa.11 3BOJIJOUH.!1 -

npouecc pa3BHTH.!I 611occpeph1 3eMJil1 KaK conp.11JKeHHhIX 611oreoueH030B 11 OT

.nenhHhIX TaKCOHOB . .[(llil 3BOJIJOUHH np11HUl1II11aJihHO He BhllKHBaHHe OT,UeJihHhIX 

opraH113MOB, a nepe.naqa reHOB cn e.nymmeMy noKoneH11JO 11 11x 3aKpenneH11e. IIo-

3TOMY )l(H3Hh Ha 3eMJie eCTh 611occpepa, a He HH,l\11B11.UYYM, nonyruUH.!I 11Jll1 811,U. 

5.3.1. Kom.:i;em..1;111111 MO,L(eJrn 

3BOJIIOl..".(110HHOro rrpou;ecca 

Nature knows best (np1-1p0Aa 3Haer 11y4we). 

Eiapp11 KOMMOHep 

B 3BOJIJOU110HHOM pa3BHT1111 MHor11x TaKCOHOB qacTo Ha6JIJO.UaeTC.!I cxo.uHa.11 

nocne.nosaTeJihHOCTh CTa.n11?i , cpe.n11 KOTOphIX qame scero npHH.!ITO BhI,l\eJI.!ITh 

TPH - pocT, pacuseT 11 yna.noK . .D:m 06b.!ICHeH11.!I xapaKTepHhIX oco6eHHOCTeì1, 

np11cym11x KaJK.no?i crnmrn, 6hrno npeMOJKeHo HeMano KOHuenu11ì1 H Mo.nene?i . 
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IlepBa5! ueJlOCTHa5! KOHuerru1rn 3B0Jl!OUHl1 )!(HBOH rrp11pO)lbl 6hrna ccpop

MYJlHpoBaHa JK. b. JlaMapKOM, B COOTBeTCTBHH e HeH TaKCOHhl )!(HBOTHhIX 11 

pacTeHHH ITOCT05!HHO H3MeH5!!0TC5!, opraHH3au110HHO ycJlO)!(H5!5!Cb B pe3yJlhTaTe 

BJlH5!HH5! BHeWHeii cpe)lbl 11 3aJlO)!(eHHOro B opraHH3MaX BpO)!()leHHOro CTpeM

JleHH5! K rrporpeccy. OcHOBHhIMH cpaKTopaM11 10on10u11H rro .[(apBHHY HBJlHIOT

cH: Hacne)lCTBeHHa5! H3MeHqHBOCTb (H3MeHeHl15!, B03HHKa!OIUHe y scex opra

HH3MOB He3aBl1Cl1MO OT BHewHeH cpe)lbl 11 rrepe)la!OIUHeC5! rro HaCJle)lCTBy), 

6opb6a 3a cy1UeCTBOBaH11e ( COBOKYITHOCTb B3aHMOOTHOWeHHH Me)!()ly opra

HH3MaMH 11 cpaKTopaMH cpe)lhl o6HTaHH5!) H ecTeCTBeHHb!H OT6op. 

Ha «.[(apBHHOBCKOH cxeMe )l110epreHu1111», T. e . pacXO)!()leHHH rrpH3Ha

KOB, OCHOBaHO 60JlbWHHCTBO 3BOJllOUl10HHblX cxeM. 11cXO)lHblH BH)l )leJll1TC5! 

Ha HaCKOJlhKO seTseii - HOBbIX BH)lOB, Ka)!()la5! BeTBh MO)!(eT )leJlHTbC5! )laJlb

we, 11 T. )l. 1.:l . )l,apBHH srrepBbJe B 183 7 r . C)leJlaJl Ha6pocoK pa3BHTH5! Bl1)l0B 

B Bl1)le BeTBeH 3BOJllOUHH, H BCKOpe 11)le5! CTana Cl1MBOJlH3HpOBaTb TeopH!O 380-

JllOUHH nyTeM ecTeCTBeHHOro OT6opa. I1)le5! «)lepesa» IT05!BHJlaCh B paHHHX 

B3rJl5!)laX Ha )!(113Hb KaK Ha npouecc pa3Bl1Tl15! OT rrpOCTb!X cpopM K CJlO)!(Hb!M. 

CospeMeHHhie 3BOJllOIIHOHHhie 6Honorn npo)lOJl)!(aJOT HCITOJlh30BaTh «ilepe

BO» )lJl5! HJlJl!OCTpau1111 3BOJllOUHl1, TaK KaK OHO HarJlH)lHO noKa3bJBaeT pa3BH

Tl1e H np011CX0)!()leHHe BH)lOB . 

<l>HnoreHeTwc1ecKoe Apeso (1son10uHOHHOe )lepeso HJlH )lepeso )!(H3HH) 

OTpa)!(aeT 3BOJllOIIHOHHbJe B3al1MOCB5!3H Me)!()ly pa3JlH'-IHblMH BH)laMl1, 11Me!O

IUl1MH 061Uero npe)lKa (p11c. 5.17). Ka)!()lOe sernneH11e npe)lCTaBJlHeT 1son10-

u110HHOe co6bITl1e: pa3)leJleH11e npe)lKOBOro Bl1)la Ha )lBa 11Jll1 6onee, KOTOpbie B 

)laJlhHeiiweM 1son10u11ou11posanH He3aBHCl1MO. KopeHh npe)lCTaBJlHeT 061Uero 

npe)lKa scex paccMarp11saeMhIX o6beKTOB. A OTCYTCTBHe nonepeqHhIX nepeMbI

qeK Me)!()ly seTBHMl1 noKa3hrnaeT, qTo Ka)!()lhIH Bl1il (no Cesepuosy) 10on10uHo

HHpyeT He3aBHCHMO OT )lpyr11x s 061UeM none 3BOJl!OUHl1 6HoueH03a. BMecTe e 

TeM, cornaCHO pacqeTaM, OCHOBaHHbIM Ha no)l06HOH pa3061UeHHOH MO)leJlH 

3BOJl!OilHH, )!(H3Hb He Marna ycneTb 3a 4 MJlPil JieT csoero cy1UeCTBOBa HH5! 

npoiiTl1 nyTh OT nepsoii 6aKTep11aJibHOH KJieTKH )lO qeJIOBeKa. 

0TMeTHM OilHY oco6eHHOCTb BeTBJleHH5! cp11noreHeTHqecKoro )lpesa )!(H3-

HH - OHO. MO)!(eT 6bJTb 611cpypKaUHOHHb!M 11Jll1 He6HcpypKaUHOHHblM. B 6Hcpyp

KaUHOHHOM )lepese K Ka)!()lOMY Y3JIY nO)lXO)lHT O)lHa BeTBh, OTXO)l51T )lBe (B cnyqae 

KOpHesoro )lepesa - O)lHa BXO)l511Ua5! BeTBb H )lBe 11CXO)l5!IUHe) . TaKl1M o6pa30M, 

6HcpypKailHOHHOe )lepeso npe)lnonaraeT, qTo Bee 3BOJl!OUHOHHbie co6bITH5! co

CT05!JIH s npo11cxo)!()leH1111 oT npeilKOsoro o6beKTa posHo ilBYX noTOMKOB. B y3-

ne He6HcpypKauHOHHOro )lepesa MOrYT CXO)lHTbC5! qeTbipe H 6onee BeTBH. Mo)!(

HO nonaraTb, qTO 611cpypKaUHOHHOe BeTBJleH11e CB5!3aHO e MyrauHeH 11 OTIUen

neHHeM HOBOro BH)la OT OCHOBHOro. He6HcpypKaUl10HHOe BeTBJleHHe, CKOpee 

scero, Ha6JIJO)laeTC5! s 6onhwHx speMeHHhlX MacwTa6ax, a npH 6onee )leTaJlb

HOM speMeHHOM pa3peweHl111 sce sernJieHl15! npe)lCTaHYT KaK 611cpypKaUHOH

Hble. Ha 1ry MhICJih HaBOil51T 11 caMbie 061U11e c11HepreTHqecKHe coo6pa)!(eHHH, 

paccMOTpeHHh1e s npe)lhiilYIUeii rnase. 
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ycnoeHasi ee1111'!11Ha 
"61o1011orH'fecKoro 
coeepweHcTea" 

61o1<t>ypKa4110HHOe 
pacxoJK,QeHHe 
np113HaKOB 

P11c. 5.17. <llHnoreHern4ecKoe .Qpeso comacHo npe.QcrnsneH111s:1M A. H. Cesepl..lOBa 

.[{apBHHOBCKOe 3BOJIIOUHOHHOe .npeso B KJiaccwqecKOM socrrpm!THH He co

OTBeTCTByeT .naHHhIM reHeTHKH, nOCKOJlhKY reHeTHqecKHH rrepeHOC Me»<.ny BH

,UaMH BCTpeqaeTCH HaMHOro qame, qeM 06 3TOM 6hIJIO rrpHWITO .UYMaTh paHh

we. Peqh w.neT o ropH30HTaJihHOM nepeHoce reHos HJIH reHeTwqecKOM .npewqie. 

3TO pacwHpHeT HCXO.llHYIO .napBHHOBCKYIO H,Ue!O o paCXO)!(.lleHHH ,llHCKpeTHhIX 

BeTBeH 3BOJIIOUHH. 

CocTasneHHoe B rrocne.nm1e fO.llhI <IiwnoreHeTHqecKoe cyrrep.npeso oxsaThI

saeT 99 % Hhrne )!(Hsymwx MJieKonwrnIOmHx. Pa3pa6ornH anropHTM, rro3so

AA10IIJ,HH o6oe.llHHHTh Bee rrocrpoeHHhle .no CHX nop 3BOJIIOUHOHHhie .nepeBhH. 

CorrocTaBJieHo 66 reHoB MJieKOITHTalOIUHX H .naTwposaHHhlX wcKonaeMhIX ocTaH

KOB, TaKHM crroco6oM rronyqeHhl HaH6onee TQqHhie .naThl 3BOJIIOUHOHHOro BeTB

neHHH 3THX )!(HBOTHhlX. Ha HOBOM cyrrep.nepese eCTh .nse OCHOBHhie pa.nwaJihHhie 

crpyKl)'phl, T. e . .nsa OCHOBHhIX pacxo»<.neH~ H3 0.llHOH TQqKH . Ilepsoe TaKOe 

Maccosoe paCXO)!(.lleHHe HMeno MeCTO 93 MJIH JleT Ha3a.n, a BTOpoe - OKOJIO 

50 MJIH neT Ha3a.ll, qTQ orrpe.neJIHJIO ITOHBJieHHe 60JihillHHCTBa cospeMeHHhIX 

MJieKOTIHTa!OIUHX crrycrn 15 MJIH JleT rrocne BhIMHpaHHH .llHH03aBpOB. I1Hh!Ml1 

CJIOBaMl1, Kor.na .lll1H03aBphl ~e .naBHO BhIMepn11, MJieKOITl1Ta10m11e eme 11 He co-

611pan11Ch ITOHBAAThCH, xorn .naHHM TQqKa 3peHl1H rrpOTl1BOpeqHT pacrrpocrpa

HeHHhIM rrpe.ncTaBJieH~M, KOTOphie CBH3hIBa!OT ITOHBJleH11e MJleKOITl1Ta!OIIJ,11X e 

11cqe3HoseH11eM rocno.ncTsosaswero Tor.na Ha 3eMJJe KJJacca )!(HBOTHhIX. 

PacCMOTp11M OCHOBHhle KOHUerru1111 Teop1111 3B0Jl!OU1111. 

CuHmemul/ecKaR meopuR 360ll/OlfUU ( CT3) 
B .naps11HOBCKOH Teopw11 3BOJIIOU1111 cqiopMyJJ11posaHo <iiYH.llaMeHTaJJhHOe 

npe.ncTaBJieH11e o HeHarrpaBJleHHOH H3MeHql1BOCTl1 KaK OCHOBe oT6opa 11 3B0Jl!O

UH11. 0cHosoì1 rrocT.napBHHOBCKOH CT3 CJJ~l1T rrpe.ncrnsneHHe o TOM, qTo Ka)!(-
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;:(hlll 3JieMeHTapHbIH 3BOJIIOLU10HHhIH mar HH111.VU!pyeTC51 e caMoro HH3Wero, 

3JieMeHTapHoro ypOBH51 - CO CJIY'faHHhlX Myrauuìi, H3MeH51!0IUHX reHeTH'Ie

CKHll COCTaB nonyJI51UHH H nanee IlOCTeneHHO senyruux K BH;:(Q06pa30BaHHIO H 

B03HHKHOBeHHIO rpynn 6onee BhICOKoro cucreMaTWiecKoro paHra. TaKYIO Hanpas

neHHOCTh IIpH'IHHHOCTH MO)!(HO Ha3BaTb «BOCXOMIUeH», a caM npouecc - ;:(BH

)!(eHHeM «CHH3Y BBepx». B npyroH, OTHOCHTeJihHO HOBOH TeOpHH 3BOJIIOUHH, OT

p8)!(a!OLUeìi npHHUHilhI uepapxw1ecKOH cucTeMHOCTH, conp51)!(eHue paccMarpusa

eTC51 B o6paTHOM HanpaBJieHHH: HMII)'JlhC K 3BOJIIOUHOHHOMY H3MeHeHHIO 

pacnpocrpaH51eTC51 or cucTeMhI «ConHue - 3eMm» K 6uoccpepe H nanee K ee 

KOMilOHeHTaM - KOHKpeTHblM 6uoueH03aM, a Te, B CBOIO oqepenh, no6~a!OT K 

H3MeHeHHlO BXOMIUHe B HHX BH;:(hl. TaeyIO HanpaBJieHHOCTh 3BOJIIOUHOHHOH npu

quHHOCTH uenecoo6pa3HO Ha3BaTb «HHCXOMIUeìi», a caM npouecc - H;:(YLUHM 

«CBepxy», o qe)\f CBH,[(eTeJihCTByeT, HanpuMep, reonorWieCKa51 JieTOilHCb. 

Ilo-BH;:(HMOMy, o6a nonxona BilOJIHe COBMeCTHMhl, TaK KaK, e 6uocpu3uqe

CKOH TOqKH 3peHH51, H3MeH51lOIUHeC51 cpH3HKO-XHMH'leCKHe cpaKTOpbI BHeWHeìi 

cpenh1 ( cocras aTMoccpepb1 u Muposoro oKeatta, TeMneparypa, nasnem1e, ypo

seHh COJIHeqHOH panuaUHH H HOHH3HPYIOIUHX H3J1}1L[eHHll H T. n.) MOryr Heno

cpencTBeHHO BJIH51Th Ha qacTory Myrauuii B reHOMax. On51Th-TaKH, peqh uneT o 

e;:(HHCTBe HepapxuqeCKOH CHCTeMbl 6HOUeH030B, BHyrpeHHe CB513aHHhIX CHC

TeMOll o6paTHhIX CB513eìi. 

IlaJieOHTOJIOfH'leCKHe naHHbJe IlO;:(TBep)!(naIOT: MOMeHTbl 6uoccpepHbIX 

KpH3HCOB H pe3KOH CMeHhl 6HOT Ha nepeJIOMHhlX py6e)!(aX HCTOp1111 3eMJil1 B 

uenoM Herrnoxo cosnanaIOT e neptton11qHOCTh10 reonor11qecKux Kp113ucos, a 

TaK)!(e e KJIHMaTuqecKHMH u conHeqHhIMH UHKJiaMH. Ha 11pOT5!)!(ett1111 rrocnen

HHX 250 MJIH JieT reonor11qeCKOll l1CTOp1111 3aper11cTp11poBaHO neB51Th Ill1KOB 

BhIMHpaHH51 e 3aMeTHOll nep11on11qHOCTblO: 34 MJIH JieT - B 11aneo3oe (570-
230 MJlH JieT Ha3an) 11 26 MJIH JieT B Me3030e (230-67 MJlH JleT Ha3an) 11 KaHH0-

30e (60-70 MJIH JieT Ha3an). Y6bJCTpeH11e U11KJIOB MO)!(HO rrpencrnBl1Th OCHO

BaHHhIM Ha pocre 6uopa3Hoo6pa3H51 B 611occpepe, scnencrn11e qero 6uoccpepa 

o6peTaJla B03M0)!(HOCTh Bee qame rrpOX0;:(11Th CTa;:(HH «MeTaMopcp03». )J.aHHOll 

rrepHO;:(H'lHOCTl1 COOTBeTCTByeT 11 Il05!BJieH11e HOBhIX 0Tp51;:(0B )!(11BOTHhlX. 

feHe'fuqecK11M cpyHnaMeHTOM CT3 nocny)!(HJlH 3aKm1b1 Meuòella, noKa-

3aTeJihCTBO ;:(HCKpeTHOH npHpO;:(hI HaCJie,[(CTBeHHOCTH H oco6eHHO C03,[(aHHe B 

nepsoìi rpern XX B. P. <l>ttrnepoM, .IJ::JK. li. C. XonnenuoM (1924), C. PattTOM 
( 1931; 1932) Teop11u norryJI51UHOHHoìi reHeT11KH. Ho ttayqHoH MeTOnonornqe

cKoìi 6a3oìi CT3 crnna pa6orn C. C. 11eTBepuKOBa «0 HeKoTOphIX MOMeHrnx 

3BOJIIOUHOHHOro npouecca e TQqK11 3peHH51 cospeMeHHOll reHeTl1Kl1» (1926), B 

KOTOpoìi aBTOp 3aJ10)!(HJI OCHOBbl 3BOJI!OUHOHHOH reHeTHKH H noKa3aJ1 ee He

npOTHBOpe'lHBOCTh ecTecrneHHOMY or6opy. B Poccttu enuHOMhIWJleHHHKaM11 

qernepHKOBa crnm1 H. B. THMO«j>eeB-PecoBCKHH 11 <I>. r . .IJ:oo:iKaHCKHH 
(uMeHHO e pa6oTOìi .IJ:o6)!(aHcKoro «Genetics and the Origin of Species», 113-

naHHoìi s 1937 r., np11H5!TO CB513hJBaTh «neHh po)!(neHH51» CT3). )J.o6)!(aHcKuìi 

snepBbie ccpopMyn11posan Ba)!(Heìiwee 110H51Ttte 06 «H3onupyIOLUHX MexaHH3-
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Max JBOJJI-OUHH» - perrpo.uyKTHBHhIX 6apbepax, rrpe.unpHH51JJ TIOTihITKY npH

MeHHTh ypaBHeHHe Xapm1-BaìiH6epra (.UJJ51 ttneaJJhHhIX rronyJJ51UHH) K pe

aJJhHhIM nonym1um1M H BHe.UpHJJ B rrorryJJ51UHOHHYI-O reHeTHKY TIOH51THe <O<j:>

<j:>eKTa C. PaìlTa», noJJara51, qTo MHKporeorpa<j:>ttqecKHe pachi B03HHKaI-OT non 

B03.lleHCTBHeM cJJyqaìlHhIX H3MeHeHHH qacTOT reHOB B MaJJbIX H30JJ51Tax (H30-

JJHpoBaHHhlX JKOCHCTeMax). Hx noCJJe.uosaTeJJ51MH 6hrnH ,L(JK. XaKcJJu, 3. Maìip, 
H. H. llIMaJJhray3eH, r. <I>. ray3e, H. Il. ,L(y6uHHH, A. JI. Tarra.UJKHHHH, 
3. f>ayJp H .Up. 

CymHoCTh CT3 3aKJJI-OqaeTc51 B npH3HaHHH rrpettMymecrneHHOro pa3-

MHO)I(eHH51 orrpe.ueJJCHHhlX reHOTHTIOB B <j:>eHOTHIIe H rrepe.uaqa HX IIOTOMKaM, a 

TaK)I(e peKoM6HHaUHH reHoB KaK HCToqHHKa reHeTnqecKoro pa3Hoo6pa3H51. Co

rnacHo CT3, .UJJ51 ocymecTBJJeHH51 JBOJJI-OUHH Heo6xonttMO HaJJHqHe TPCX no

CJJe.uosaTeJJhHhIX npoueccoB: MyTaUHOHHOrO, peKOM6HHaUHOHHOro, C03.UaI-O

mero HOBbie <j:>eHOTHIIbl oco6eìi, H ceJJeKUHOHHOro. 

K ocH06HblM noJ10J1CeHuRM CT3 MOJ/CHO omHecmu CJ1eòy10UJue: 

• JJJeMeHTapHa51 e.UHHHUa JBOJJI-OUHH - JJOKaJJbHa51 norryJJ51Ul·f51; 

• MaTepttaJJOM .UJJ51 JBOJJI-OUHH CJJ~HT MYTaUHOHHa51 H peKoM6HHaUHOHHa51 

H3MeHqHBOCTh; 

• ecTeCTBeHHhIH OT6op - rnaBHa51 rrpHqHHa pa3BHTH51 a.uanTaUHH, BH.ll006-

pa30BaHH51 H npOHCX0)I(.lleHH51 Ha.UBH.llOBhIX TaKCOHOB; 

• .upeìi<j:> reHOB - rrpnqHHa <j:>opMHpoBaHH51 HettTpaJJbHhlX rrptt3HaKoB; 

• BH.ll eCTh CHCTeMa nonyJJ51UHH, penpo.uyKTHBHO H30JJHpOBaHHhIX OT rrony

JJ51UHH .upyrnx BH.llOB, H Ka)I(.llhlH BH.ll JKOJJOrHqeCKH o6oco6JJeH; 

• BH.ll006pa3oBaHHe 3aKJJI-OqaeTC51 B B03HHKHOBeHHH reHeTHqecKHX H30JJH

PYI-OIUHX MexaHH3MOB H ocymecTBJJ51eTc51 rrpettMymecTseHHO s ycJJOBH51X 

reorpa<j:>HqeCKOH H30JJ51UHH. 

EcJIH HanpasJJeHHOCTh TPY.llOB XoJl.llettHa H )];o6)I(aHCKoro 6brna, B OCHOB

HOM, reHeTHqecKa51, a CHMIICOHa - rraJJeOHTOJJOrHqecKa51, TO KHHra .n:)I(. XaKCJJH 

«Evolution: The Modem synthesis» ( 1942) .llOMHH11posaJJa B 06JJaCT11 JBOJJI-O

u110HHoro CHHTe3a. OcHOBHhie noJJoJKeH115i ero Teop1111 MOJKHO rrpe.ucTaBHTh 

CJJe.UyI-OIUHM o6pa3oM: 

I . MYTau11H H ecTeCTBeHHhIH oT6op - B3a11MOCB513aHHhie npoueccbI B JBO

JJI-OU1111. 

2. 0T6op B rrorryJJ51UH51X qame scero .ueìiCTByeT Ha KOMTIJJeKChI reHOB, ero 

MexaHH3M orrpe.ueJJ51eTC51 reHOTHTIOM H <j:>eHOTHTIOM, a BeKTOp - <j:>eHOT1l

rr11qecKHM npo5iBJJeH11eM MyTauttH. Ilp11 JTOM MYTaUMH He MoryT 6b1Th 

TIOJJe3HhlMH HJJH spe.UHh!Mll, TIOCKOJJhKY orrpe.ueJJ511-0TC51 cpe.uoìi. Ilpea.uarr

THBHhJe MYTaUHH 11rpa1-0T Ba)I(HeìirnyI-O pOJJh B MaKp03BOJJI-OU1111, oco6eH

HO B nepHO.llhl pe3KHX rrepeMeH ycJJOBllH o6HTaH1151. 

3. rJJaBHhlH KpttTepHH 3aBeprneHHOCTH rrpouecca BH.ll006pa30BaHH5l - pe

rrpO.llYKT11BHa51 1130JJ51U1151. B11.uoo6pa3osaHtte MOJKeT 6bITh HerrpepbIBHhIM 
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11 Jil1HeHHbIM, Henpepb!BHb!M H .UHBepreHTHbIM, npepbIBHCTb!M H KOHBep

reHTHblM. 

4. lllHpoKo pacnpoCTpaHeHHbJe BH,Ubl 3BOJIIOl.(l10Hl1PYIOT rpa.uyaJibHO, a Ma

JibJe l130JU1Tbl - npepb!Bl1CTO H He Bcer.ua a.uanTl1BHO. B OCHOBe npepbIBl1-

CToro s11.uoo6pa:msaH11JI Jie)l(aT cneump11qecK11e retteT11qecK11e MexaH113MhJ. 

5. fnaBHbie HanpasneH11JI '.lBOJIIOU110HHoro npouecca (nporpecc 11 cneu11an11-

3au11JI) - eCTb KOMnpOM11CC Me)l(.uy a.uanTl1BHOCTb!O 11 HeHTPaJibHOCTb!O. 

B npouecce nporpeCCHBHOH '.lBOJllOl.(1111 OT6op .ueH.crnyeT B CTOpOHY ynyq

rneHl15I cTpyKTypttoH. oprattmau1111. 

6. AHaJil13 COOTHOilleHl15I OHTO- 11 qmnoreHe3a fi03BOJl5!eT o6Hapy)l(l1Tb '.lfil1-

reHeT11qecK11e MexaHl13Mbl HanpaBJieHHOCTl1 '.lBOJllOl.(1111. 

11. 11. lliMaJihray3eH BnepBhJe ccpopMYJ111pOBaJI np11Hl.(11n cuenJieHHOCTH Me

xaHl13MOB M11Kp0- 11 MaKpO'.lBOJllOl.(1111, 11CXO,UJI 113 CBoeH. Teop1111 crn611J111311pyro

IUero oroopa. B 1931 r. c. Paii.T Bbl,UBl1HYJI KOHl.(enl.(11!0 cnyqaii.Horo 113MeHeHl15I 

qacTOT rettos B nonyJU1u1111 (<o<f;<f;eKm PaìiTa»), crroco6crnyromero cpopM11posa

Hl1IO a.uarrTl1BHO HeHTPaJibHhIX rrp113HaKOB. f11rr0Te3a II03BOJUIJ!a o6hJICHl1Tb rrpo

l1CXO)l(,UeH11e Hea.uarrTl1BHhIX pa3J111q11il Me)l(,Uy TaKCOHaM11. Ha 6a3e '.lTOH Teop1111 

.U)i(. C11MrrcoH (l 948) rrpe,UJIO)l(HJI rnnoTe3y KBaHTOBOH '.lBOJIIOl.(1111, cornaCHo KO

TopoH. IIOil)'IDIU115I He MO)l(eT caMOCTOJITeJihHO Bb!HT11 113 30Hbl a.uarrTl1BHOro Ill1Ka, 

IIO'.lTOMY ,UJUI rrporpeCCl1BHOro pa3Bl1Tl15I He06XO,Ul1M .upeilcp reHOB. 

CT3 B HaCTOJIIUee speMJI cpaKTw1ecK11 Jie)l(l1T B ocHOBe M11poso3peH11JI co

speMeHHOH 611onor1111 . TeM He Mettee y '.lTOH Teop1111 cymecTBYIOT HeKOTOpb1e 

qacTO Kp11Tl1KyeMhie 06m11e IIOJIO)l(eHl15I. 0,UHl1M 113 TaK11X IIOJIO)l(eHl1H J'IBJIJieTCJI 

rro.uxo.u K o6bJICHeHl1!0 O,U11HaKOBh!X Mopcponor11qecKl1X 11 cpyHKl.(110HaJihHb!X 

rrp113HaKOB, KOTOpbie He 6bIJil1 yttacne.uosaHbl, a B03Hl1KJll1 He3aBl1Cl1MO B pa3-

Hb!X n11H11Jix '.lBOJIIOl.(1111 opraHl13MOB. CornacHo Heo.uapB11Hl13My, sce rrp113HaK11 

opraHl13MOB orrpe.ueJIJIIOTCJ'I reHOT11IIOM 11 xapaKTepoM OT6opa. Ilo'.lTOMY rrapaJ1-

JieJI113M o6bJICH5IeTCJ'I HaCJ1e,UOBaH11eM opraHl13MaMl1 60JibillOro KOJ111qeCTBa 

O.U11HaKOBb!X reHOB, a KOHBepreHl.(115I - OT6opoM. BMeCTe e TeM CXO,UHble qepTbl 

B .UOCTaToqHo y.uaneHHbIX Jil1Hl15IX qaCTO HOCJ'IT Hea.uarrTl1BHbIH xapaKTep 11, CJie

,UOBaTeJihHO, He MOrYT 6b!Tb rrpas.uorro.uo6HO o6bJICHeHbl Hl1 eCTecTBeHHbIM OT-

6opOM, i-m 06m11M Hacne.uo0aH11eM. He3as11c11Moe B03Hl1KHOBeH11e o.u11HaKOBhIX 

reHOB 11 11X coqeTaH11H 3aBe,UOMO 11CKJl!OqaeTCJI, IIOCKOJibKY MYTau1111 11 peKOM-

611Hal.(l15I - cnyqailHhie rrpouecchJ. Ceii.qac rrpe.uCTasm1ercH BITOJIHe ecrecr

BeHHhIM cymecTBOBaH11e He3aBl1Cl1MOro 11 cnyqaHHOro IIOJIBJieHl15I O,Ul1HaKOBb!X 

MYTau11H.. 3T11 11 .upyrne cpaKTOpbI 06ycnaBJI11Ba10T 3Ha1111TeJ1bHY10 BTop11qHyro 

noBTOpJieMOCTh B CTPYKTYPe JJ:HK 11 MOrYT o6bJICHJITh npo11cxo)l(,UeH11e Hea.uarr

Tl1BHoro CXO,UCTBa e II03111.(11H Heo.uapB11Hl13Ma KaK cnyqaHHOro Bb16opa 113 orpa

H11qeHHOro q11cna B03M0)1(H0CTeH [91 ]. 
JJ:pyroH. Te311C CBJI3aH e MHeH11eM HeKOTOpbIX CTOpOHHl1KOB KOHl.(eill.(1111 

«rrpepbIBl1CTOro paBHOBeCl15I», rrpOTl1BOIIOCTaBJIJIIOIU11X ee rpa.uyan11cr11qeCKOH 

Teop1111 '.lBOJIIOl.(1111 no JJ:aps11Hy 11 06ocHOBbIBa10m11x HecocTOJITeJihHOCTh CT3 

opTO,UOKCaJihHOH rrp11Bep)l(eHHOCTb!O Teop1111 IIOCTerreHHOH '.lBOJIIOl.(1111. 0.uHaKO 
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60JihIIH!HeTso eTopoHHl1KOB CT3 rronaraI-OT, •no .[(JI11TeJihHhitt eTa311e MO)!(HO 

o6MieHl1Th .[(etteTBl1eM eTa611JI11311pymmero OT6opa, a 6hICTpoe 113MeHeH11e -

3cpcpeKTOM «6yThlJIO'IHOfO ropJibll.llKa» (s yenosm1x pe3KOH eMeHhl cpaKTOpOB 

epe.[(bl 0611TaHl15! '111eJieHHOeTb rrorrymn.11111 pe3KO eoKpamaeTe51, 'ITO erroeo6CT

syeT Me)!(Bl1.[(0BOH nt6p11.[(113a1.11111 11 6Jil13KOpO.[(eTBeHHOMY eKpem11saHl1!0 11 B 

pe3yJihTaTe CJIY)!(l1T rroMep)!(aH111-0 a.narrTl1BHOtt HOpMhI rrorryn511.11111). Herrpe.n

B351TOe OTHOI.lleH11e K CT3 ITOKa3bJBaeT, 'ITO B HaeT05lll.\11H MOMeHT 3Ta TeOp1151 B 

Toì1 HJIH 11Hoì1 Mepe yq11ThrnaeT see 11Me1-0m11ee51 TO'IKl1 3peH115!. 

TeopuR npepbzeucmozo paeHoeecuR. 
11.[(el1 eryrreH'!aToro 11 BOJIH006pa3HOfO pa3Bl1Tl151 6110JIOfl1'1eeKHX e11eTeM 

Bbl.[(Bttran11eb 11 pa3pa6aTbJBaJil1eb Hal.lll1Ml1 BhI.[(alOII.\11Ml1e51 eooTe'leeTBeHHl1-

KaMH H. B. TuMo<J>eeBhlM-PecoBCKHM, C. C. qeTBepuKOBhlM, A. H. CeBep

U:OBhlM 11 .npyr11M11 eoBeTeKttM11 y'leHhIMl1, XOT51 ttx TPY.[(hI Mano l:l3BeeTHhI 3a 

py6e)!(OM. 

Teop1:151 «BOJIH )!(113Hl1» paeeMaTp11saeT xapaKTep11eT11K11 .n11HaM11K11 '!11eJieH

HOeT11 11 IIJIOTHOeT11 rrorrym11.111ì1 11 s11.nos. B HaeTomuee speM51 rrpe.neTaBJI51eTe51 

3HaMeHaTeJibHOH 11eTop1151 B03HIIKHOBeH1:151 3TOfO TepM11Ha. JleTOM 1872-1873 rr. 
B rraMnaeax lO)!(HOtt AMep11K11 6bJJIO OTMe'!eHo Heo6hJKHOBeHHoe 0611JI11e eon

He'!Horo eBeTa, eonpOB0)!(.[(aBmeee51 '!aeTb!Ml1 Jil1BH51Ml1, 'ITO Bhl3BaJIO 6ypHoe 

pa3B11T11e UBeTKOBhIX paeTeH1:1tt 11, eooTseTeTBeHHO, I.llMenefl. KpoMe Toro, 3Tl1 

yeJIOBH51 6hJJI11 eTOJih )!(e 6naronp115!THhI .[(J15I pa3MHO)!(eH1:151 MhII.llett. A K oeeH11 

IT051Bl1JIOeh 6ee'l11eJieHHOe MHO)!(eerno a11eTOB (Ciconia maguari) 11 60JIOTHb!X eoB 

( Otus brachyotus). )J,JI5i o603Ha'!eHH51 3TOfO 51BJieHJ151 Y. r. X3.[(COH B 1896 r. ynoT

pe611JI srrepBb!e TepM11H waves of !ife - BOJIHbl BHe3aI1HOfO Maeeosoro Il051BJie

Hl151 KaKoro-n1160 s11.na, npo.[(OJI)!(a1-0meroe51 HeKOTopoe speM51 11 3aKaH'!11Ba10me

roe51 YMeHhl.lleH11eM ero '!11eneHHOeT11 .no ripe)!(Heì1 HOpMhI 11n11 Hl1)!(e Hee. 11 3TH 

«np11n11BhI» 11 «OTJil1BhI» IIOBTOp51I-OTe51 rroeT051HHO 11 rroseeMeeTHO. H. B. T11Mo

cpees-PeeoBeK11tt OTMe'!an: « ... e ITOJIHhIM npaBOM MO)!(HO yrnep)!(.[(aTh, 'ITO HeT 

TaKoro Bl:l.[(a, KOTOpbIH 6hl BpeM51 OT BpeMeH11 He 11eIIb!ThIBaJI 3Tl1X rrpl:IJil1BOB 11Jil1 

OTJIHBOB . . . 11 Bee o6b51eH511-0T 3TO no-esoeMy: BJil151Hl1eM Jil1 '!eJIOBe'!eeKOH .[(e5!

TeJibHOeT11, 3aJieTaM11, 3aHoeaMl:I 11Jil1, Beero 'lame, npoeTo TaK Ha3hrnaeMOH -

enyqattHOeThl-0. 11 pe.[(KO KOMy, sep051THO, rrp11XO.[(l1JIO B fOJIOBy, 'ITO B 3Tl1X eJiyqa-

51X Mb! 11MeeM .[(eJIO Bee e TeMl1 )!(e BOJIHaMl1 Bl1.[(0BOH )!(113Hl1, Be'!HO rrp11JI11Ba10-

ll.\l:!Ml:I 11 OTJil1BaI-Om11Ml1 B 6e36pe)!(HOM Mope )!(11BOH rrp1:1pO.[(bI» [39]. 
B .[(aJihHettl.lleM <<KOHuem.11151 BOJIH )!(113Hl1» 6bJJia pa3pa6oTaHa pyeeK11M 6110-

norOM c. c. qernep11KOBhIM. 11M 6bJJIO OTMe'!eHo, 'ITO I10.[(06Hble KOJie6aHl:l51 'll:le

JieHHOeTl1 MOryT 6b!Tb IIOBT0p511-0ll.\11Ml1e51, B 'laeTHOeTH 6hITh ee30HHblM11 11J111 He

ee30HHhlM11, 06h!'IHO Harrp51MYIO eB513aHhl e rrp0.[(0J1)!(11TeJibHOeThl-O l.\11KJia pa3Bl1-

Tl151 opraHH3MOB 11 'laeTO eorrpoBO)!(.[(aI-OTe51 KOJie6aH1:151Ml1 apeana norryJI511.(11H. 

qeTBepHKOB OTMeTl1JI 3BOJilOl.\110HHOe 3Ha'!eH11e BOJIH )!(J13Hl1 B Ka'!eeTBe cpaKTopa, 

erroco6eTB)'lOII.\efO 113MeHeHl1lO HarrpaBJieHJ151 11 11HTeHCl1BHOeTl1 OT6opa, a TaIOKe 

KOHl.(eHTpa1.11111 reHoB, eo.nep)!(am11xc51 B rrorryJI511.11151X. Brroene.neTB1111 TepM11H 

«BOJIHhl )!(J13Hl1» 6hIJI 3aMeHeH TepM11HOM <<nOIIYJI511.\l:IOHHbie BOJIHhI» [92]. 
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Ec1rn tJ11c11eHHOCTh JKepT8 pacTeT, yxy,nwaeTcl! 11x KOpMOBM 6a:m, 'ITO o T

p11uaTeJJhHO CKa3bJBaeTCll Ha 11X ,naJlbHeì1weM pa3MHOJKeHl111 11 lKl13Hecnoco6HO

CTH. Bo3HHKaeT curyaum1, 611aronpID1TCT8Y10ll.lall pa3BHTHJO 1a6011e8attuii )!(epT8 

11 yc1111ett11!0 Xl1ll.IHHKOB, 'ITO TaK)!(e cnoco6cTByeT rra,neHH!O lJHCJleHHOCTH norry

lli!UHH )!(epTB. 3ToT npouecc perynupyeTcl! cooTttowettueM 1arpaT :rnepruu Ha 

.no6hrnatt11e KOpMa u ::rneprnu, non)"IaeMoii e rrorpe611eHHhIM KOpMOM. MeHbIIIe 

)!(epTB - MeHbUie XHll.IHHK08, CJle,no8aTeJlhHO, CHH)!(ettue lJHCJleHHOCTH lKH80T

HOro-norpe6uTeJll! C03,naer npe,nrrOCh!JlKH .!\IDI 80CCTaHOBJleHHll 'IHCJleHHOCTl1 

)!(11BOTHhIX, CJlY*all.IHX .!\Jlll Hero KOpMOM. Ko11e6aHHll HOCl!T He CHHycmi,nanb

HhIM, a pe11aKcau110HHhIM xapaKTep, a pocT 11 CH11JKeH11e 'll1CJleHHOCTl1 Xl1ll.IHl1K08 

3ana3,nbIBa!OT no cpa3e OTHOCHTeJlhHO KOJle6aHl1H 'll1CJla )!(epT8. On11caHHall CH

ryaulll B .nocTaTOlJHOii cTenett11 cxeMaTl1lJHa. Pe1Koe H3MetteHue KJJHMaT11'lecK11x 

cpaKTopOB Bhl3b!BaeT, KaK npaBl1JlO, Henep110,n11qecK11e H3MeHeH!1ll lJl1CJleHHOCTH, 

KOTOpbie HaKJJa,nbJBa!OTCll Ha OCH08HYJO Kp118YIO norryJJllUHOHHOM ,n11HaMHKl1. 

IIepuo,nutJHOCTh 'l11c11ettHOCT11 nonynlluuii 6011ee OTlJeTJJl18a B cpaBHl1TeJJhHO 

npocThIX 611ouett03ax (rytt.npe, cTen11, nycThIHe) 11 cna6ee BhipaJKetta B CJJO)!(HhIX 

611oueH03ax, oco6eHHO BO 8JJa)!(HhIX Tpon11tJecK11x necax. 

B811,ny 3aBHCHMOCTH tJ11c11eHHOCTH nonynllu11ii OT yc110811ii cpe,nhl, BOJJHhI 

)!(113Hl1 conpOBO)!(,naJOTCll He TOJlhKO KOJJe6aH11llMH 3TOM 'll1CJJeHHOCTH, HO H 

H3MeHeHHllM11 rpaH11u apea1108 . K11acc11KaM11 BOJJHhI JKl13Hl1 TpaKT08a1111cb 60-

nee Bcero KaK KOJJe6aHHll B TOlJe'IHhIX Cl1CTeMax. BpeMl! 11 npOCTpaHCT80 06-

cy)!(_naJlHCh B pa3Hh!X Teop11l!X. M11r paUHll 811.1\08 He 8XO.!\HJla 8 Teop11!0 «80JlH 

)!(113Hl1». rnaBHOe 8 CTOHllTHH 80JlHhl C TO'IKH 3peHl1ll 611ocpH311 'leCKOM 3KOJJOrHl1 

COCTOHT B TOM, lJTO «BOJJHa» 06be,nl1Hl!eT npocTpaHCTBO 11 8peMl! pa3811THll H 

pacnpocTpaHeHHll 611011or11tJeCK11x c11cTeM. 

Cxo,nHal! Teop11ll HeMOHOTOHHoro pa38HTl1ll 6uo11or11tJecKux c11cTeM -

Teop1rn npepb!BHCTOro paBHOBeCl1ll - pa38H8aJJaCb H. 3JI,npu_n)KeM 11 c. ryJI

.1\0M ( 1972). CornacHo 3TOii Teopu11, cpeH0Tun11tJecKall 3BOJJJOU11ll, 3BOJJJOU11ll 

CBOMCTB, 3anporpaMMHpoBaHHhIX 8 reHOMe, npOHCXO.!\HT B pe3yJlhTaTe pe,nKHX 

nepHO.!\OB o6pa308aHHll HOBhIX 811.1\08 (Kna,noreHe3), KOTOpb1e npoTeKa!OT OT

HOCHTeJlbHO 6bICTp0 no cpaBHeHH!O e nepuo,naMH ycTOM'IH80ro cyll.leCTBOBa

HHll 811.1\0B. Teopu!O npepbrn11cToro paBHOBecm:1 o6hilJHO npoT118onocrnsnll10T 

Teop1111 cp11neT11lJeCKOro rpa,nyaJJl13Ma, KOTOpal! yrBep)!(_naeT, '-ITO 60JJbWal! 'laCTh 

npoueccoB 3BOJJ!OUH11 npoTeKaeT paBHOMepHo B xo.ne nocTeneHHOH TpaHc

cpopMauu11 B11,noB (aHareHe3). 

Kor.na B pe3yJJhTaTe Cl1HTe3a KJJacc11tJecKoro ,napB11HH3Ma e reHeTHKoii 11 MO

JJeKyAApttoii 6uo11orneii po.nunacb CT3, n03HUl1ll rpa.nyann3Ma 3HalJnTeJlbHO yK

penunacb. 11 rnaBHhIM HCTO'IHHKOM Hacne,nCTBeHHOM H3MeHlJH80CTH CTaJJH C'IH

TaTb cnyqafiHhie Myrauuu. A nocKOJihKY Myrau110HHb1ì1 npouecc HOCHT CJI)"Iaii

HhIM 11 HeHanpa8JJeHHh!M xapaKTep, CJJe,noBaTeJJbHO, OH .!\OJl)!(eH H.!\TH npuMepHO e 

O.!\HHaK080M CKOpOCTh!O y 8Cex )!(118h!X opraHH3MOB. (3rn runoTe3a nerna 8 OCHO

BY nputtu11na «MOJJeKynllpHbIX qaco8».) Ha octto8e 3TOM Teopuu nocne,no8aTeJlh

HOro H nocTeneHHOro pa38HTl1ll no lJHCJJY pa3JJl1lJHM 8 HyKJieOTH.!\Hh!X nocne.no-
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saTeJihttocrnx )]:HK rrpHIDITO ouettHBaTh speM51 pacxoJK,UettH51 BHAOB. H, KaK rrpa

BHJIO, 3TOT MeTO,L( ,L(aeT ,L(OCTaTO'IHO rrpaBHJibHYIO ycpe,L(HeHHYIO KapTHtty. 

C apyrott CTOpOHbI, MyTarette3 OTHIO,L(b He BCer,L(a HOCHT a6COJIIOTHO CJiy

'IaHHblH xapaKTep. H B pa3Hhix rpyrmax opraHH3MOB H ,L(a)!(e B pa3HhIX qacrnx 

reHoMa OH ttaeT e pa3ttoH. cKopocTbIO. CTopottHHKH rpaAyaJIH3Ma o6b51CHJ'llOT 

3TO rrpOTHBOpe'Itte B03M0)KH0CTblO yqeTa TaKCOHOMeTptt'IeCKHX oco6eHHOCTeH, 

pa3HHUeH Me)K,L(y 3Ha'1HMbIMH H «MOJI'Iall]HMH» reHaMH H BbJ6opKOH yqacTKOB 

reHoMa, o6ecrre'1HBa!Oll]HX paUHOHaJibHOCTb nocJie,L(yIOUJeH MyTaUHH. 

,IJ.ni:i 61110llOn14eCKOH 3BOJllOLlllllll xapaKTepHO CKa4K006pa3HOe llllllll caJJbTaTOpHoe 

pa30111rne. CaMoH KpyroH ayneHblO 6111onorn4eCKoro nporpecca i:isni:ie1rn apo

MopctJo3, nocpe,L(CTBOM KOTOporo opraHH3Mbl saynalOT B Ka4eCTBeHHO HOBble 

B3aHMOOTHOWeHH5l CO cpe,D,OH o6HTaH1115l, 410 n03BOJl5leT HM OCBaHBaTb pecypCbl 

Ha HOBOM ypOBHe H paCW111p5llb 30HY ap,anTal.1111111. np111 3TOM CJJep,yeT Y4HTblBaTb, 

4TO OCBOeHHe HOBblX ap,anTHBHblX 30H 4aCTO CB5l3aHO e nporpecCOM lllJlH per

peCCOM. ApoMopctJ03 o6yCJJosneH Heo6xop,HMOCTblO no,D,Aep>K111sa1b roMeoaa3 

npH o6MeHe Bell..\eCTBOM H 3HeprneH e BHewHeH cpe,D,OH, CJJe,D,OBaTeJJbHO, ero 

CYfb 3aKJll04aeTC5l B nOBblWeHHH He3aBHC"1MOCTH opraHH3Ma OT cpe,D,bl 061-11a

HH5l. napannenbHO e 3THM npot.1eccoM 1-1.n.er ctJopM111posaH111e sce 6onee rn6KHX 

ctJopM pearnposaHH5l opraH1113MOB Ha 1113MeHeHH5l sHewHeH. cpep,b1. 

BMecTe e TeM xapaKTep rrpeo6pa3oBaHHH opraHH3MOB orrpeAeJI51eTc51 B ro

pa3no 6oJibWeì1 Mepe rrpttponoH: HX opraHH3aUHH H CBOHCTBaMH, 'IeM xapaKTe

poM H3MeHeHHH BHeWHHX ycJIOBHH. I1o3TOMY He Bee apoMopcp03bI 6bJJIH rrpH

ypo'IeHbl K 3Ha'1HTeJibHbIM H3MeHeHH51M ycJIOBHH BHewHeH cpe.ll,bl ( cpopMHpo

BaHHe opraHH3aUHH ITTHU rrpoHCXO)J,HJIO BO BTOpOH IlOJIOBHHe !OpCKOro 

rrepHO,L(a, KOr)J,a B reoccpepe He 6bJJIH OTMe'IeHbI 3Ha'1HTeJibHbie Ka'IeCTBeHHbJe 

H3MeHeHH51). HHbIMH CJIOBaMH, HeCMOTP51 Ha B3aHM03aBHCHMOCTb opraHH3Ma H 

cpe.ll,bl o6HTaHH51, TOJibKO HaKOITJieHHe H CHHeprH3M 'IaCTHblX rrporpeCCOB H, 

6oJiee Toro, HaJIH'IHe KJIIO'IeBblX 'IaCTHbIX apoMopcp030B crroco6cTBOBaJIH 06-

ll]HM H3MetteHH51M opraHH3aUHH. 

ITepBOHa'IaJihHO apoMopcp03hI cpopMttpyIOTC51 KaK qacrnbre npo51BJieHIDI. Ha

rrpf!Mep, OCHOBHbie apoMopcp03bI rrnaueHTapHblX MJieKOITJ1TalOIUHX rrpencTaBJI51-

IOT co6oH. HaKorrneHtte 'IaCTHhIX rrptt3HaKos: ysentt'IeHHbie rronywaptt51 rrepeAHero 

M03ra e pa3BHTOH KOpOH, 'IeTbrpexKaMepHOe cepAue, peAYKUH51 rrpaBOH nyrn aop

TbI, rroJ'IBJieHtte wepcTHoro rroKpoBa, MOJIO'IHbIX )KeJie3, rrnaueHTbI H np. KaJK.Ubitt 

H3 3THX rrpH3HaKOB B OT)J,eJibHOCTH He o6ecrre'1HBaeT rrepexona Ha HOBbIH Ka'IeCT

BeHHbIH ypoBeHb - TOJibKO HX CYMMapHoe Hea)J,)J,HTHBHOe B03)J,eHCTBHe rrpHBO

,L(HT K apoMopcp03aM. Y3Ka51 crreuttanmaUH51 B 6oJibWHHCTBe cJiyqaes rrpttBOAHT K 

yTpaTe 3BOJIIOUHOHHOH ITJiaCTH'IHOCTH, H Torna rrporpecc CMeH51eTC51 CTa6HJIH3a

UHett, a ttttorna perpeccoM. ITptt HaKorrneHttH y3KocrreuttaJIH3HpoBaHHbJX rrptt3Ha

KOB B Te'IeHHe )J,JIHTeJibHOro a,L(arrTaUHOHHOro BpeMeHH OHH MOryT rrptto6peCTH 

xapaKTep apOMOpcp030B - 3TO HOBblH 3BOJIIOUHOHHblH UHKJI. To eCTb B OCHOBe 

UHKJIH'IHOCTH 6ttoccpepHbIX rrpouecCOB Jie)!(HT cpHJIOrette3. qaCTHblM rrpmrnnem1-

eM 6ttoccpepHOH UHKJIH'IHOCTH 51BJI51IOTC51 6HOJIOrtt'1eCKHe UHKJibL 
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MHoro1rncneHHhie 06IUHOCT11 apoMop<!>o3oB B 3Bomou1111 no3BOHO'fHhIX 

)J(l1BOTHhIX CB513aHhl e Cl1Hepr113MOM nocne,noBaTe11hHhIX Ka'feCTBeHHhlX 113Me

HeHl1H ( aBTOphl no,npa3yMeBaIOT OTCYTCTBl1e JJl1HeHHOH np111i11HHO-C11e).\CTBeH

HOH nocne,noBaTe11hHOCTl1 3JJeMeHTapHhIX aKToB B 3B01110u110HHOM npouecce ). 

K OCHOBHhIM 113 Hl1X OTHOC51TC51 [88): 

• pa3B11T11e MexaHl13Ma aKTl1BHOì1 BeHT111151u1111 )J(a6ep ()J(a6epHoro Hacoca) y 

.npeBHeiinrnx no3BOHO'fHhIX, <t>opMttpoBaHtte qeJJIOCTHOro annaparn (e ne

peCTpoì1Koì1 nepe,nH11x )J(a6epHb!X .nyr), HHTettctt<!>11Kau1rn seHTHJJ51UHH 

)J(a6ep y KOCTHb!X ph16 11 np1106peTeH11e 11Mlf n11aBaTe1lbHOro ny3hlp51 

(rtt.npocrnTtt'fecKoro annaparn, pery1111py10mero n11aByqecTb ); 

• pa3BHTHe y npe,nKOB BhICilIHX Ha3eMHbIX Il03BOHO'fHblX - aMHl10T 3apo

).\b!WeBbIX 06011o'feK (aMHHOHa, cep03bI, a1111aHTOttca), 06ecne'f11Ba10m11x 

B03M0)J(H0CTb KJJa).\Kl1 51111..l Ha cywe; 

• pa3BHTl1e MOIUHOro BCaCbIBaIOmero (pa3pe)J(aIOmero) ).\bIXaTe11bHOro Ha

coca rpyJ.IHOH K11eTKl1 y penTH1111H; 

• <!>opMttpoBaHtte 11ernTeJJbHOro annapaTa y nT11u; 

• pa3BHTl1e )!(lfBOp0)J().\eHl151 11 Bb!KapM1111BaHl151 ,neTeHbIWeì1 M0110KOM y MJle

KOill1TaIOIU11X; COBepweHCTBOBatt11e ro110BHOro M03ra y l1T11U, MJleKon11-

TaIOIUHX 11 qe110BeKa. 

Teop1110 nyttKTya11113Ma, B OCHOBHOM, MO)!(HO CBeCTl1 K c11e,nyIOIUl1M no-

110)!(eHH51M: 

• Bl1).\ - OTHOCl1TeJJbHO ycTOH'fl1Ba51 caMoopraHl13YIOIUa51C51 Cl1CTeMa; 

• ).\1151 B03Hl1KHOBeHl151 HOBOH Cl1CTeMbl He06X0).\11Ma .necTa61111113aUH51 111111 

_na)J(e pa3pyweH11e CTapbIX BHyTpeHHl1X CB513eì1 B pe3yJJ&TaTe pe3KOro 113-

MeHeHH51 yc110B11ì1 cpe,nbI 111111 11CKYCCTBeHHOH ce11eKu1111; 

• Ha nonyn51u110HHOM ypOBHe .necTa61111113au1151 npo51BJ151eTcll , npe)!(.ne Bcero, 

B pe3KOM pocTe 113MeH'fl1BOCTl1, B pe3y11&TaTe qero MO)!(eT ccpopM11pOBaTb

C51 HOBa51 TaKCOHOMeTp11'·!eCKa51 pa3HOBl1).\HOCTb (3TO npaBl1J10 .neCTa6111111-

3autt11 c<t>opMy1111poBa11 B. B. )Kep11XHH, 6a311py51Cb Ha pa6ornx r. X . Wa

!10IlIHHKOBa no aHaJ1113Y CMeHbl a.nanTHBHbIX HOpM, lf B .na11bHeì1weM p a3-

Blf11 A. C. PayrnaH). 

Ho cymecTsyeT eU1e o.nHa TO'fKa 3peH115I: Me)!(J.ly nOHllT11llMl1 <<noCTeneH

Hal!» lf «npepbIBl1CTall» 3B011IOU1151 HMeeTC51 pa3HHUa BO BpeMeHHbIX HHTepBMax 

11 MexaH113Max. ITo3TOMY 11x MO)J(HO paccMaTpttBaTh KaK B3a11Mo,no110JJH5IIOIU11e 

npouecc&1. CooTHowett11e rpa.nya1111cTtt'!ecKoì1 11 nyHKTya1111cT11'!eCKoì1 cocTaB

JJl!IOIUHX 3B011IOUHOHHOro npouecca MO)!(HO oueHHTb KOJlH'leCTBeHHO nyTeM 

conocTas11eHl15I ).\11lfHbl BeTBeì1 «3B011IOUHOHHbIX .nepeBbeB» pa311lf'!Hb!X rpynn 

opraHH3MOB, KOTop&1e CTPOllTC51 Ha ocHoBe cpaBHeH11ll HyK11eoTtt,nH&1x nocne

J.IOBaTe11hHOCTeì1 ,ll,HK. AHa11113 n0Ka3a11, 'fTO B cpe.ntteM 22 % pa31111q11ì1 B 

,ll,HK B03Hl1KaeT BO BpeM51 KpaTKHX nep110).\0B lfHTeHCHBHOro Blf).\006pa30Ba

Hl151, a 78 % nocTeneHHO HaKan1111saIOTC5I BO BpeM51 ).\11HTeJJbHhIX nep110).\0B. 
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Cne.1weT Y'H!ThJBaTh, 'lTO B .uaHHOif pa6oTe paccMaTp1rnan11ch TOJlhKO pa3Jl11411» 

B HyKneoTH.UHhIX rrocne.uosaTenhHOCT»X, rrp11'1eM cpyHKUHOHaJlhHoe 3Ha'leH11e 

3Tl1X pa3Jll1411H He Y411ThIBaJlOCh, 4TO »Bn»eTC» xapaKTepHOH MeTO.U11KOH rrpH 

rrocTpoeH1111 «MoneKyn»pHhIX .uepesheB». Ho Ha Mopcponorn4ecKoM ypoBHe 

KapT11Ha MO)!(eT 6h!Th HHOH, IIOCKOJlhKy, e O.UHOH CTOpOHhl, 3Ha'1!1TeJlhHa» 'laCTh 

113MeHeHl1H )J,HK He OTpa)!(aeTC» Ha crpoemm opraHl13MOB, a e .upyroif CTOpo

HhI, .ua)!(e He60JlhWHe 113MeHeHl1» Ha KJlIO'leBhIX y'laCTKax )J,HK crroco6Hhl Bhl-

3BaTh pa.u11KaJlhHhie 113MeHeHl1» Ha MOpcponorn'leCKOM yposHe [93]. 

3nuze1-1emu1JeCKGR meopuR 360Jll0!1UU (3T3) - COBpeMeHHa» 3BOJlIOUl1-

0HHM Teop11», oCHoBaHHa» M. A. lllurnKHHMM ( 1987) Ha oCHose pa6oT 

A. H. CeBepuoBa, li. li. lllMam,rayJeua 11 K. X. YoMHHrToua. H. H. llIManh

raY3eH .uorronHHJl Mopcpo611onorn4ecKy10 Teop1110 3BOJlIOU1111 A. H. Cesepuosa 

KOHuerru11eì1 uenocTHOCTl1 opraHl13Ma B OHTO- 11 cp11nor eHe3e, a TaK)!(e Teop11eì1 

CTa611n11311py10mero oT6opa. )J,anhHeifrnee pa3s11T11e pyccKa» 3BOJlfOUl10HHa» 

Tpa.u11u11» rr0Jly'111na B Tpy.uax M. A. lll11wK11Ha 11 ero rrocne.uosaTeneif (Tep

MHH <Orr11reHeT11'1eCKa» TeOp11» 3BOJlfOU1111» 6hIJl rrpe.UJlO)!(eH lliHIIIKl1HhIM). 

K ocHOBHbZM noJLo:J/CeHuRM 3T3 omHocRmCR [94- 96]: 

• B Ka'leCTBe OCHOBhl ecTeCTBeHHOro OT6opa 3T3 paccMaTp11BaeT ueJlOCT

HhIH cpeHOTl1II, Ha 6a3e KOTOporo OT6op He TOJlhKO cp11Kc11pyeT IIOJle3Hbie 

113MeHeHl1», HO 11 rrpHHHMaeT yIIaCTl1e B llX C03.L(aH1111; 

• OCHOBHOe BJll1HHHe Ha Hacne,UCTBeHHOCTh OKa3hIBaeT He reHOM, a COBO

KYIIHOCTh cpaKTopoB, B03,Ueì1:CTBYIOI1{11X Ha OHTOreHe3 - 3rr11reHeTtt'Ie

CKa» Cl1CTeMa; 

• OT6op se.uer K CTa611ntt3au11tt p».ua rrocne.uosaTellhHhIX OHTOreHe3oB, ycT

paH»» OTKJlOHeHH» OT HOpMbl (Mopcp03hl) 11 cpopMttpy» ycTOH'111BYfO Tpa

eKTOp11lO pa3s11nrn (Kpeo.u); 

• 3BOJlfOUl1» 3aKJlIO'laeTC» B rrpeo6pa30BaHllll O.UHOro Kpeo.ua B .upyroif B pe-

3YJlhTaTe B03Myma10mero B03,Ueì1cTBll» cpe,Uhl, B OTBeT Ha KOTOpoe ::irr11re

HeT111IeCKa» Cl1CTeMa .uecTa6ttJlll3ttpyeTC» Il B03Hl1KafOT MHO)!(eCTBeHHhie 

M0pcp03hl (HeKOTOphie 113 3TllX Mopcp030B IIOJlY4aIOT ceneKTHBHOe rrpe

ttMyll{eCTBO, H B Te'leHtte rrocne.uy10mttx IIOKOJleHttif 11X 3rr11reHeTH'IeCKa» 

Cl1CTeMa Bhipa6aThIBaeT HOByIO ycTOH'Il1BYIO TpaeKTOpHIO pa3BllT11»). 

B HaCTO»mee BpeM» MeCTO 3T3 B Cl1CTeMe 3BOJlfOUl10HHhIX KOHuerruttif 

.UBOHCTBeHHO. IlpOTl1BHl1Kll 3TOH Teop1111, B JlY4IIIeM CJlY4ae, CKJlOHHhI pac

CMaTpttBaTh 3T3 B Ka'IeCTBe IIOJle3Hh!X .UOIIOJlHeHHH K CT3. e .upyroif CTOpO

Hhl, Ha 3arra.ue rro»Bl1JlOCh HOBoe HaY4HOe HarrpasneH11e «Evo-Devo» (evolu

tion 11 development), OCHOBaHHoe Ha 11.ue»x llIManhray3eHa 11 lllttrnKttHa, Ko

TOpb1e rro'IeMy-To He yrroM11HaIOTC» B Ka'leCTBe po.uoHa'IaJlhHl1KOB. ITptt'IeM 3TO 

HarrpaBJleH11e pa3Bl1BaeTC» He B Ka'IeCTBe caMOCTO»TeJlhHOH Teop1111 (KaK Ha ee 

PO.UHHe), OTBeprat0meì1 6a30Bhle rrpe.ucTaBJleHl1» o TOM, 'lTO B OCHOBe 3B0Jlf0-

Ul111 Jle)!(aT cny4aifHh1e Myrau1111, a B Ka'IeCTBe .uorronHeH11» K CT3. 
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B paMKax 3T3 CTaBHTCSI 3a.[(a4a onHcaHHSI nepexo.[(a H3 O.[(Horo <jJeHOTH

nH4eCKoro COCTOSIHHSI s Llpyroe s pe3yJTbTaTe .[(Byx co6h!THH: .[(eCTa6HJTH3aUHH 

npe)!(Hero <jleHOTHna, Be.[(ymeii K nOBbIWeHH!O H3MeH4HBOCTH, H CTa6HJIH3a

UHH 0.[(HOro H3 TaKHX YKIIOHeHHH s Ka4eCTBe HOSOH HOpMbl. 11 Ha 6a3e 3TOH 

3a.[(a4H cTpOHTCSI csoe «.[(peso )!(H3Hl1» [95]. Ho cJie.[(yeT Y4HTb!BaTb, •no 3TO 

6Ho11orH4ecKoe .[(peso Cesepuosa cymecTBeHHO OTJIH4aeTCSI OT .[(pesa ero yqe

HHKa - lliHWKHHa (B nepsoM c11y4ae 3TO np11sep)!(eHHOCTb .[(apBHHH3My, a BO 

BTOpOM - yr11y611eHHe B nepeXOLlHY!O o6naCTb). TaKHM o6pa30M, Mb! HMeeM 

.[(eJIO e pa3SHSa!OmHMCSI HanpaBJieHHeM B Teop1111 3BOJT!OUH11. 

ITocnenosaTeJJH )!(e illHWKHHa (ttaw11 cooTelJeCTBeHHHKH) He TOJJhKO npo

THBonocTaBJTJI!OT CBOH S3rJJSl.[(bl ,UOMl1HHpy10mHM 3BOJl!OUHOHHblM npe,UCTas

JieHl1SIM 11 oco6eHHO CT3, HO 11 Bl1,USIT B 3TOH Teop1111 a11bTepHaT11sy Heo.[(aps11-

Hl13MY (Ta6JJ . 5.9). 
113 3TOH Ta6JIHUbl, Ha nepSb!H S3rJJSI.[(, cnenyeT nOJTHaSI HeCOCTOSITeJTb

HOCTb CT3 no cpastteH1110 e 3T3. 3To, pa3yMeeTcJI, He cooTseTCTsyeT .[(eì1cT

SHTeJibHOCT11, XOTSI 6b! ,[(a)!(e s Cl1IIY Toro, 4TO Ka)!(.[(b!H Tl1n OT6opa «pa6oTaeT>> 

B onpe,UeJieHHbIX ycJTOBHSIX, a cnop o nepB114HOCTH H3MeHeHHSI reHOTHna 111111 

<jlettoT11na HanoMHHaeT cnop o nepB114HOCTH KYPHUhl 11 SIHUa . 

.JJ:ocTOl1HCTBOM 3T3 SISJISleTCSI ee aKueHT Ha MexaHH3Max B03HHKHOBeHl1SI 

HOSb!X TaKCOHOB B paMKaX nepSHlJHOCTH H3MeHeHHSI <jleHOTHna B 3BOJl!OUHH, 

4TO n03BOJTSleT YlJHTb!BaTb Mop<jJOJIOrH4eCKHe, n an eOHTOIIOrH4eCKHe H 3M6p110-

JIOfHlJeCK11e ,UaHHbie. 3To SIBJTJieTCSI npeHMymecTBOM no cpasHeHHIÒ e CT3, B 

KOTOpOH He COlJJieHSl!OTCSI reHeTw1ecK11e H MOp<jJOJJOrHlJeCKHe ,UaHHbJe. 

Ta6m11..1a 5.9 

npornsonocrasneHHe ocHOBHblX nonono>KeHHCi CT3 H 3T3 (97] 

OcHOBHble JJieMeHThl CT3 3T3 
TeOpHH JBOJllOU:HH 

TipHpo.ua Hacne.ucrneHHOCTl1 113HaqaJlbHa 11 He Tpe6yeT C03)laeTCll CCTCCTBCHHblM 

(ycToiiq11s.ocT11) 06bllCHCHHSI OT6opoM 

06beKT nepBttqHOro 113MCHCHl1ll reHOTl1Jl cpeHOTHn 

3neMeHTapHal! 3BOJllOU110HHall nonynllUHll Bl1)l 

e.u111-111ua 

3neMCHTapHoe 3BOJllOUl10HHOC 113MCHCHl1C qaCTOT 113MeHeHHe ::in11reHeT11'-!e-

l!BJICHl1C reHOTl1JlOB CKOH Cl1CTCMbl 

fnaBHblH cpaKTOp 113MCHCHHll )lBIDKYlll11H OT60p CTa611Jll13HPYIOIU11H OT6op 

TeMn JBOJIJOUHH JlOCTeneHHblH npepbIBl1CTblH 

11 HenpepbIBHblH 

MeTo.uonor11qecKall oc1-1osa pe.UyKU110Hl13M CHCTeMHblH no.uxo.u 
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Mb! He 11MeeM B03MO)!(HOCTl1 yrny6IDIThCll B rpaKTOBKY 113JIO)!(eHHhIX nono

)!(eH11tt - 3TO ,ae110 npocpecc110Ha110B-3BOJIIOIJl10Hl1CTOB. Ho B Ka)!(,llott 111 3T11x 

TeOp11H eCTb CB011 TIJIIOCbl 11 Ml1HYCbl, K3)!(,ll3ll 113 Hl1X caM06b!THa 11 TaJI3HTJil1Ba. 

3BOJJIOIJl1ll 6i10ccpepbl, IIO-Bl1,Ul1MOMy, He MO)!(eT 6hITb orr11caHa e IIOMOil\blO 

e,Ul1HCTBeHHOH Teop1111, a IIOTOMY MHOroo6pa311e TeopeTWieCKl1X KOHIJelIIJl1H He 

TOJibKO HeJn6e)!(H0, HO 11 KOHCTPYKTl1BHO. 

HoMozeHe3. Teop1110 HOMoreHe1a BhI,UBl1HYJI B 1922 r . JI. C. I>epr (1876-

1950), rrpOTl1BOTIOCTaBl1B ee ,aapB11Hl13My, HO np113H3Hl1e TeOp11ll IIOJIYtJl1Jia 

Jil1Illh 60- 80-e rr. XX B. (rn6JI. 5.10). 

Ta6mn-1a 5.10 

Ornwmsi ,qaps11H113Ma 11 HOMoreHe3a non. C. 5epry [98] 

,lJ;apBHHH3M HoMoreneJ 

1. Bee opraHH3MbI p33BHJJHCb HJ O,UHOH 1. OpraHH3MbI pa3BHJ1HCb 113 MHornx 

HJlH HCMHOrHX nepBHtJHb!X <iJopM, T. e. ThlCll'i nepBH'iHb!X <iJopM, T. e. TIOJJH-

MOHOcPHJJCTH'iHO HJJH OJ!HrDcPHJJCTH'iHO cPHJJCTH'iHO 

2. ,lJ;aJJhHCHIIICC p33BHTHC IIIJJO ,UHBep- 2. ,ll;aJJbHCHIIICe p33BHTHC IIIJJO rrpettMy-

reHTHO W:CCTBCHHO KOHBepreHTHO (qaCTh!O 

,UHBepreHTHO) 

3. Ha OCHOBe cnyqaìfHhIX sapttaIJHìf, KO- 3. Ha OCHOBC 3aKOHOMepHOCTCH, 3axBa-

HM 110,UBepraIOTC5! OT,UCJJbHb!C C,UHHH'-1- Th!BaIOll(HX rpOMa,UHbIC MaCCbl OCO-

Hb!C oco6n, rryreM MC,UJJCHHbIX, C,UBa 6eii, Ha o6IIIHpHOH TeppHTOpHH, CKa'i-

3aMCTHh!X 6ecrrpephIBHblX HJMCHCHHH KaMn,rrapOKCHJMaMH,MYTaIJHOHHO 

4. Hacne,UCTBCHHbIX sap11au11ìf Macca, n 4. Hacne,UCTBCHHhIX sapnaunìf orpaHH-

H,UYT OHH no BCCM HarrpasnemrnM 'iCHHOe 'illCJJO, H ll,UYT OHH 110 orrpe,ne-

JJeHHh!M HarrpaBJ1CHll5!M 

5. Cl>aKTopoM rrporpecca cJJ~llT 6opb6a 5. Eopb6a 3a cyw:ecrsoBaHne 11 ecrecr-

Ja cyw:eCTBOBaHHC H CCTCCTBCHHh!H BCHHhlH OT6op He 5!BJJ5!IOTC5! <iJaKTopaMll 

OT60p rrporpecca, a KpOMe Toro, 6YJ:1yqll <iJaK-

TOpaMH B OCHOBC CBOCH KOHCepsams-

HhIMll, oxpaHllIOT cnolKHBIIIYIOC5! HOPMY 

6. Bll,UhI s cnny csoero rrponcxolK,UCHH5! 6. Bll,UhI B cnny csoero MYTaIJHOHHoro 

rryreM ,UttsepreHIJllH cSJnaHhI rrepexo- 11pOHCXOlK,UCHH5! pC3KO p33rp3Hll'iCHhl 

,naMH ,npyr e ,UpyroM O,UllH OT ,Upyroro 

7. Tipouecc JBOJllOI.lllll COCTO!ff CITJJOIIIh 7. 3BOJ1IOJ.lll5! B 3H3'iHTCJ!hHOH CTCilCHll 

B o6p330B3HHll HOBb!X rrpH3H3KOB CCTh p33sepTb!B3HllC ~e cyw:ecT-

BYIQW:HX 33,UaTKOB 

8. BhIMHpaHlle opraHH3MOB rrpollcxo,nllT 8. BhIMllpaHlle ecTh cne,UCTBlle KaK 

OT BHCIIIHllX rrpH'iHH: OT 6opb6b! 3a sttyrpeHHHX (aBTOHOMH'iCCKHX) rrpn-

cyw:ecTBOB3HHC li BbllKllBaHHll Ha1160- 'illH, T3K li BHCIIIHllX 

nee rrpllcrroco6neHHOro 
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B cooTBeTCTB1111 e <GJJeMettTap11CTCKOil:» napa.1u1rMoil:, 3BOJJJOU110HHhIH npo

uecc eCTb .zurnaMl1Ka <<'IaCTOT .lll1CKpeTHblX HaCJJe.l!CTBeHHb!X .1IeTepM11HaHT (re

HOB) s nonym1um1x B ycJJosm1x oT6opa», onpe.1Iem1eMoro .lll1BepreHu11eil: [99). 
(Cpa3y scnJJhrnaeT B naMllTl1 KphIJJaToe: «CaMall rnasHall MOJJeKyJJa».) B paM

Kax TaKoro 110.l!XO.lla JJerKO npe.lJCTaBl1Tb IJJJaBHb!H XO.ll 3BOJJIOU110HHOro rrpo

uecca. AJJbTepHaTl1BHall XOJJl1CTCKall napa.1I11rMa, Bbl.l!B11HYTall 5eproM, COCT011T 

B TOM, 4TO paCCMOTpett11e OT6opa rrepéttOCl1TCll Ha Cl1CTeMHblH yposeHb, r.lle 

3JJeMeHTapttb!M 3BOJJIOU110H11py10m11M 6JJOKOM CTaHOBl1TCll OHTOreHeTw1eCKl1H 

npouecc s ueJJoM. B paMKax 3Toil: napa.1I11rMhI pa3YMHO paccMaTp11saTh 3BOJJJO

u1110 KaK CKalfK006pa3HOe 113MeHeH11e TaKOH Cl1CTeMbl. MmKHO OlKl1.llaTb, lfTO 

3BOJJIOL(JfOHHblH OT6op 3HalfHTeJJbHO 6oJJee 3cpcj:>eKTl1BeH np11 CKalfK006pa3Hb!X 

<j:>eHOTJfill14eCKl1X 113MeHeHl1llX B 3BOJJIOU110H11py10m11x Cl1CTeMax. 

TaKl1M o6pa30M, K OCHOBHb!M BalKHb!M .l!JJll 3BOJJIOL(l10HHOH Teop1111 sonpo

caM, IIO.lJIDITblM HOMoreHe30M, OTHOCllTCll: HeB03M0)!(HOCTb IIJJaBHoro CMememrn 

a.1IaIJTl1BHOH HOpMbl no.li .lleHCTBl1eM OT6opa 11 .ll11CKpeTHblH xapaKTep 113MeHe

Hl1H. 11 peWaJJl1Cb 3Tl1 rrpo6JJeMhl 5eprOM e n0311U11H «HOBOo6pa30BaHl1H» 4epe3 

ycTOH411BOCTb, .1IeCTa611JJ113au1110 11 Jf3MeHlfl1BOCTb 6110JJOfl1lfeCKl1X Cl1CTeM. 

5epr orrpe.1IeJJHJJ ycTOHlfl1BOCTb npelK.lle Bcero KaK «CIJOC06HOCTb Cl1CTeMbl 

np11cnoca6JJ11BaTbCll K MeHlllOIU11MCll ycJJOBl1llM nYTeM a.1IeKBaTHOH MO.ll11cp11Ka

UH11 (Ho tte peBOJJJOU110HHoil: rrepecTpottK11!) co6crneHHOH CTPYKTYPhI», KOTopall 

xapaKTep113yeTCll HeYKJJOHHb!M pOCTOM. l1 .llaJJee OTMeLJaJJ, lfTO 0.l!H11M 113 salK

tteil:w11x cj:>aKTOpOB ycTOHlfl1BOCTl1 norryJJHU1111 llBJJlleTCll «ee pa3H006pa311e, 11Jll1 

IIOJJl1MOpcj:>113M (KaK llBHbIH, TaK 11 CKpb!TbIH). lfeM pa3H006pa3Hee oco611 B rrorry

JJHL(l111, TeM 60JJbWe BepOllTHOCTb, lfTO rrp11 pe3KOM 113MeHeHl1Jf ycJJOBl1H XOTb Ka

Kl1e-TO 113 HJfX ... OKa)!(yTCll rrpea.1IaIJT11poBaHHb!Ml1 K HOBblM ycJJOBl1llM» [98]. 
B rrpoT11sosec ycTOHYHBOCT11, .1IeCTa611JJl13aU11ll KaK «KJJJOlfeBoil: MOMeHT 3BOJJJO

U110HHOro HOBOo6pa30BaHl1ll» Heo6XO.lJl1Ma Cl1CTeMe .lIJJH o6pa30BaHHH HOBb!X 

TaKCOHOB, rrp114eM 3TO «He IJJJaBHbIH ,,C.l!Bl1r" opraHl13MOB B HYJKHYIO CTOpOtty 

(TaK .l!OJJ)!(eH 6brn 6b1 .lleHCTBOBaTb .l!Bl1lKYIU11H OT6op), a .lleCTa611Jll13aU11ll Cl1CTe

MbI, npol!sm110maHcll, rrpe)!(.lJe scero, s pe3KOM pocTe 113MeHlfl1BOCTl1» [98]. Co

rnacHo 5epry, 11MeHHO CTa611Jll1311pYJOIU11H OT6op «IJO.lJXBaTbIBaeT OTKJlOHeimll OT 

crnpoil: HOpMbI 11 6b1CTpO cj:>11Kc11pyeT 11X B KalfeCTBe HOBOH HOpMbI» [98] . 

Ilpo14ecc «H06006pa306QHUR.» noÒ'IUHR.emcR. C!leÒylOllfUM 3QKOHOMepHO

cmR.M [98]: 

• .lIJJH o6pa30BaHHH HOBblX TaKCOHOB Heo6XO.lll1MO, «lfT06bI HOBbie np113HaKl1 

IIOllBJfJJl1Cb Ha 06w11pHbIX Tepp11TOpHHX 11 cpa3y y rpoMa.lJHOH MaCCbl oco6eil:»; 

• rrp11411HaMl1 BbIM11paHl1ll CTapb!X <J:>opM 11 o6pa30BaHl1ll HOBblX llBJllllOTCll 

BHYTpetttt11e, 11JJ11 «aBTOHOM11qecK11e», 11 BHewtt11e, 11Jl11 «xopottoM11qecK11e» 

<j:>aKTOpbI; 

• «OT6op eCTb cj:>aKTop KOHCepsaTl1BHbIH», IJ03TOMY ero pOllb CBO.lJl1TCll K 

coxpatteHl1IO HOpMbl 11 ycTOH411BOCT11; 

• COOTBeTCTBl1ll TaKCOHOB orrpe.1IeJJeHHb!M reorpacj:>11lfeCKl1M JJaH.l!Wacj:>TaM. 
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TaK11M o6pa30M, HOMOreHe3 TpaKTYeT 3 BOnIOL(HOHHblH npouecc KaK «06pa-

30BaHHe HOBblX <!>opM Ha OCHOBe 3aKOHOMepHOCTeH», o6ycJJOBJleHHblX 6JJOLIHbJM 

npHHL(HTIOM pa3BHTHj{ opraHl13MOB 11 HanpasJJeHHblX cpe.uoil Myral.(HOHHbIX H3-

MeHeHHH. A ,UJlj{ ocynieCTBJJeHHj{ 3Tl1X «Hoaoo6pa3oBaHHH» «Hyi1rna o6bILIHO He 

O)lHa CLlaCTJlHBaH aap11al.(Yfj{, a l.(eJlaH KOM611Hal.(11j{ TaKOBbIX». (HanpHMep, )lJlj{ 

npHo6peTeHl1H cnoco6HOCTH K 6bICTpOMY nepenam1<eH11IO lKHBOTHOMY Heo6xo

JlHMO YJlJJHHeHHe acex 4-x Hor, «H a TOM JKe ttanpaaJJeHHH )lOJllKHhI y.UJJ11HHTbCj{ 

Mblllil.(hl, COCYJlhI , HepBbI, nepecTp011TbCH ace TKaHH») . Ilp11L1eM 3TH KOM611Ha

l.(HH )lOJllKHbl HOCHTb He CJlY'faHHbIH, a HanpaBJleHHblH HacJJe,UCTBeHHbIH xapaK

Tep. B npOTl1BHOM cJJyL1ae «BCj{ 3BOJJIOl..\HH )lOJJJKHa 6brna 6h1 6hITh... nepMa

HeHTHhIM LIY.llOM» [98]. A nocKOJlhKY oT6op - tte ecTb LIYJlO, OH <<Boace He 6JJa

ronpHHTCTsyeT OT,UeJlbHblM CLlaCTJlHBbIM YKJJOHeHHj{M, a coxpaHHeT HOpMy», H 

«npol.(ecc Bl1)l006pa30BaHl1j{ 11.ueT nyreM MaCCOBOH rpaHCMYTal..\HH» [98]. 
Ilo MHeH1110 oJJIOMeH<!>eJJh)la, cyuiecTBeHHO H3MeHHTh aepOj{THOCTh peaJJH

Jal.(HH CJlY'faHHOH TOLleLIHOH Myral.(1111 MOlKeT TOJlbKO HaJll1LIHe « HaLlaJlhHOro TIJla

Ha». 11 3THM TIJlaHOM j{BJlj{eTCH «<!>yttnaMeHTaJlbHOe CBOHCTBO lK113Hl1 - ueneHa

npaaJJeHHOCTb». A rnaattoe «yTaepJKJleH11e Eepra MOJKeT 6hITh c<!>opMyJJHposaHo 

CJle,llYJOIIIHM o6pa30M: 6110JJorHL1eCKaH 3BOJlIOl.(11j{ np011CXOJlHT B COOTBeTCTBHH 

CO crporHMH 3aKOHaMl1, B OTJlHLIHe OT .uapB11HOBCKOH 3 BOJ1IOL(HH, KOTopaj{ OCHO

BaHa Ha cJJyLlaHHhIX co6hITHj{X. Eoph6a 3a cy111ecTsosatt11e H ecTeCTBeHHhIH oT-

6op Hrpa!OT B 3TOM npol.(ecce BT0p11L1HYIO pOJlb 11, BO BCj{KOM cJJyLlae, nporpecc B 

opraHH3al.(HH He 3aBHCHT OT 6opb6bI 3a cy111eCTBOBaHHe» [87]. 
Eepr, KaK 11 feKKeJJh, yraeplK,llan, LITO «npH pa3BHTH11 oco6H Ha6JJ10naercj{ ... 

TIOBTOpeHHe Tex CTa)ll1H, L1epe3 KOTOpbie npe.unoJJOlKHTeJlhHO npowJJa 3B0Jll0-

l(l1j{ ,llaHHOH rpynnhI» H Ha3blBaJJ 3TO «npe.uaapeHHeM np113HaKOB». 11 3TO j{B-

' JleHHe yKa3brnaeT HaM, LITO «HHJlHBH,UyanbHOe pa3BHTl1e MOJKeT He TOJlbKO no-

BTOpj{Tb <!>HJJoreHl1!0, HO 11 npe.usapHTb ee, a <!>HnoreHl1H KaKOH-JlH6o rpynnhI 

MOJKeT onepeJKaTb CBOH seK, ocy111eCTBJ1Hj{ <!>opMbl, KOTOpbie B HOpMe CBOHCT

aeHHbl 6onee BbICOKO CTOj{IIIHM B CHCTeMe opraHH3MaM». 3Ty 3aKOHOMepHOCTb 

Eepr Ha3san «HOBhIM 6HoretteTHL1ec1<11M» 3aKOHOM ( OHToreHHj{ MOJKeT 11 no

BTOpj{Th, H npe.uaapHTb CBOIO <!>HJJOreHHIO; <!>11JJoreHl1j{ MOlKeT H TIOBTOpj{Tb, H 

npenaapj{Tb LIYlKYIO <!>11JJoreHHIO ), KOTOpblH ((11MeeT Kap.u11ttaJlbHOe 3HaLleHHe B 

aonpoce o ponH ecTecrnettttoro OT6opa» [98] . Eepr JaMeHj!eT peTpocneKTHBY 

feKKeJlj{ nepcneKTHBOH, XOTj{ HaM HeH3BeCTHO, KaKHM o6pa30M OH caM TpaKTO

aan noJJoJKeH11H, pa3BHBasw11ecH feKKeJJeM . 

l1TaK, <OBOJJIOL(HH cJJaraeTcH H3 Tpex npol.(eccoa: noaTopeHHH yJKe cy111e

CTBY10I11HX <!>opM , o6pa30BaHY(j{ HOBb!X H npenaapeH115I 6yny11111x». 11 Hanpaa

JleHHe 3BOJllOL(HH onpeneJJHeTCH KOHBepreHL(HeH, 'ITO, e O.UHOH CTOpOHbl, npo

THBOTIOJlOlKHO .UHBepreHTHOH 3BOJl!Ol.(HH no )J;apBHHy, a e .upyrott CTOpOHhl, 

TIO)lTBepJK,llaeT 3aKOHOMepHO CTb OT6opa. «)J;HBepreHl.(1151, KOHel.JHO, CynieCTByeT, 

XOTH 11 B orpaHHl.JeHHOM pa3Mepe, HO Ha,U He!O l.(apHT 3aKOH KOHBepreHl.(HH 11Jll1 

HHaL1e - pa3BHTl151 Ha OCHOBe 3aKOHOMepHOCTeH» [98]. 
B naaHHX paccYlKJleHHHX aKa,lleMHKa Eepra MOlKHO YBHJleTh rny6oKYJO aHa

JJormo e npe,llCTaBJleHHHMH <!>H3HKH, ycnernHO aowe.urnHMH B MOJleKyJJHPHYIO 



5.3. 3BOI1101.1Mfl 61-1occj:Jepbl. 3aKOHOMepHOCTM J,1 MeXaHM3Mbl 469 

6uo<jm3HK)', OTHOCHTeJibHO KoorrepaTHBHbIX cj>a30Bh!X rrepexo.noB HJIH 6oJiee IT03.l(

HHMH rrpe)J,CTaBJieHmlMH CHHepreTHKH o KOJIJieKTHBHbIX .SIBJiemuix B rrpoueccax 

rrpOCTPaHCTBeHHO-BpeMeHHOH caMoopraHH3aUHH B .L\HCCHITaTHBHhlX CHCTeMax. 

Kom1en4UJ1 napQJlfleJibHOU 360!1/0!JUU. 

l13BeCTHbie 3aTpy.ntteHH.SI B COBpeMeHHOH 3BOJI!OUHOHHOH TeOpHH Bbl3bl

Ba!OT o6'h.SICHeHH.SI 0.l(HHaKOBbIX MOpcj>oJIOrnl.feCKHX H cj>yHKUHOHaJibHblX rrpH-

3HaKOB, KOTOpbie He 6hIJil1 yttaCJie.l(OBaHbl, a B03HHKJIH He3aBl1CHMO B pa3HblX 

JIHHH.SIX 3BOJI!OU11H opraHl13MOB. l13BeCTHO, l.fTO YepTbl CXO.l(CTBa, pa3Bl1Bal0-

U.(Hec.si B L{OCTaTOYHO y.naneHHb!X Jil1HH.SIX, YaCTO 6bIBalOT Hea.naITTl1BHbl 11 rro-

3TOMY He MOfYT 6hITb rrpas.norro.no6HO o6'h.SICHeHbl HH ecTecrneHHblM OT60pOM, 

Hl1 o6muM ttacne.nosaHHeM. ITp11H.S1Tb1e npe.ncTaBJiett11.si o CJiyYattHOCTH MYTa

uuìf B HaCTO.Slll(ee BpeM.SI He.nocTaTO'IHbl. MyTaUH11 CJiyYaHHbl Jl11Ulb []0 OTHO

UJeHl1!0 K cpe.ne 0611Tatt11.si, HO He K cymeCTBy10meìf opratt113au1111 reHoMa. 

Ceìfyac rrpe.ncTaBJI.SieTC51 .nocrnTOYHO ecTecrneHHhJM, YTO pa3Hhle yYaCTKH .[l.HK 
o6Jia.naroT pa3Jil1'1Hoìf ycToìf'l11BocTh10: o.nH11 MYTau1111 6y.nyT B03Hl1KaTh Yame, 

.npyr11e - pe)!(e, BCJie.l(CTBl1e qero []0BbIUJaeTC51 Bep051THOCTb He3aBl1Cl1MOro 

DO.SIBJieHH.SI aHaJJOrnl.fHbIX MYTau11ìf. ::hu H .npyrne cj>aKTOpbl MOrYT o6ecne'IHTb 

3Ha'IHTeJJbHYIO BTOpHYHYlO DOBTOp51eMOCTb B HeO.l(HOpO.L\HOH CTpyKType .[l.HK 
H 06'h.SICHl1Tb npOHCXO)!(.l(eH11e Hea.narrTl1BHOro CXO.l(CTBa KaK cJiyYaìfHoro Bbl-

6opa H3 orpaHl1l.feHHOro l.fl1CJia B03MO)!(H0CTeìf B Cl1CTeMe e npecj>epeHU11.SIMl1. 

<l>aKTl1'1eCKl1, HaM npe.ncTaBJI51eTC.SI, l.fTO .naHHbIH no.nxo.n He51BHblM o6pa30M pa3-

BHBaeT 11.neu HOMorette3a. 

«3aKoH roMOJIOrH'leCKHX p51.L\OB B Hacne.ncrneHHOtt H3MeHYHBOCTH» H. Il. Ba
BHJJOBa D03BOJIHJJ CB513aTb 5!BJJeH11e napaJIJieJJl13MOB (He3aBl1Cl1MOro ITO.SIBJJeHl1.SI 

cxo.ntthIX npH3HaKOB B pa3HhTX rpynnax) e 3aKoH0MepttocT.S1M11 BHYTPl1BH.L\OBoìf 

H3MeH'll1BOCTl1 (y 6JI113Kl1X Bl1,l\OB BCTpe'!alOTC51 no.no6Hble Bap11auu11). 

CymecTByeT MHO)!(ecrno np11MepoB CXO)!(eCT11 ITYTeìf 3BOJJ10U1111 B pa3HhIX 

rpynnax, pa3BHBaBIIJ11XC51 napannenhHO. TaK, pattee C'!11Tanocb, YTO apxeonTe

p11Kc, co'!eTarom11ìf np113HaK11 X.11mtthIX .n11Ho3aBpos-Teponon 11 nT11u, - Knac

CH'lecK11ìf npuMep nepexo.nttoìf cj>opMhI: OT .n11tto3aBpoB npo1130UJeJI apxeome

p11Kc, OT apxeonTep11KCa - HaCT051ll.(11e ITTHUhl. Ho OKa3aJJOCh, l.fTO MHOrne Bl1.l(bl 

MeJJKHX .L\HH03aBpOB B pa3HOe BpeM.SI rrp1106peTaJIH pa3Jil1'1H ble nepb51, KOTOpble 

B03HHKaJIH n1160 KaK cpe.ncrno ITJTaH11pOBaHH51 rrp11 npbl)!(Kax e BeTK11 Ha BeTKY 

(.npeBeCHhie cpopMbI) , n1160 .L\JI51 ycKopeHH.SI 6era (6era10m11e Ha3eMHbJe cpopMbI), 

JIH6o .nm1 noJiern ( «YeTb1pexKpbIJih1e» cpopMbI) . A npe.nK11 HaCT051IU11X (seepo

XBOCThlX) DTHU npOH30UJJil1 He OT apxeorrTep11Kca H He OT nepHaTblX Lll1H03aB

poB, a OT 6oJiee .npeBHl1X npeCMbJKa10m11xc.si - o6mero npe.nKa .L\11H03aBpOB 11 

ITT11U. ilTH'lbH rrp113HaKl1 np1106peTaJil1Cb napanneJJbHO B pa3Hh1X rpynnax MeJI

Kl1X XHll(HbIX .L\HH03aBpOB B !OpCKOM H paHHeM MeJIOBOM nep110.nax, HO 3Ta JIH

HH.SI 0Ka3anacb TYITHKOBOH. VI TOJJbKO ITOCJie BbIM11paHl1.SI B KOHUe MeJIOBOro ne

puo.na .l(OMl1HaHTHOH Jil1Hl1H no.naBJieHHa.SI ero Jil1Hl1.SI BeepoXBOCThIX []T11U yueJie

Jia H rrp0113BeJia OrpOMHOe pa3H006pa311e HaCT051ll(HX ITTHU B KattH030e [I 00]. 
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Pa3Hhie rpynnh1 noKpbITOCeMeHHhIX TaKlKe npoHJow1m napannenhHO H 

He3aBHCHMO OT pa3Hh!X rpynn ronoceMeHHblX. Ott11 BXO.UHilH B COCTaB O.UHHX l1 

Tex lKe pacTHTenhHhIX coo6mecTB H no.usepranttch .uasnettmo O.UHHX H Tex lKe 

cpaKTOpOB cpe.Ubl, H npl13HaKH pa3Ill14Hb!X rpynn IIOKpb!TOCeMeHHbIX nosrnm1-

IOTCH B HeCKOilbKHX IlHHHHX ronoceMeHHb!X npoaHr11ocnepMOB, KOTOphie, B 

csoIO oqepe.uh, npo113ornnH no.uo6ttbIM o6pa30M OT eme 6onee .upeBHHX rono

ceMeHHhIX. TaKHM o6pa30M, B reHeTH'leCKOM nnaHe useTKOBbie yHacne.uosantt 

3Ha4ttTellbHYIO 'laCTb pa3Bl1Baswerocsi B Te'leHtte MHOfHX MHilJIHOHOB neT re

HOcpOH.Ua ceMeHHbIX pacTeHHH. B 3TOM 3aKJII04aeTCH OCHOBa HX HCKill04l1TeJib

HO Bb1c0Koro 6HonornqecKoro pa3Hoo6pa3HH [I O I] . 
RpKHM npHMepoM napannenHJMa cnylKHT HeJaBHCHMasi 3BOilIOUHH .upes

HHX KOnhITHhIX s IOlKHOH AMepHKe, CesepHOH AMep11Ke H CrnpoM CseTe. 113-
secTHO, 4TO IOi1rnasi AMepttKa .uonroe speMsi 6h1na HJonttposaHa OT .upyrttx 

MaTepHKOB (oT cesepHh!X MaTepHKOB - BeCh KaHH030tt; B OilHfOUeHe - OT.Ue

JIHnacb oT AHrnpKTH.UhI; B rrnttoueHe - coe.uHHttnacb e CesepHott AMepHKOtt), 

HO eme .uo HacTynneHHH ITOilHOH 1130IlHUHH ry.ua npOH11KJll1 npHMHTHBHb!e 

nnaueHTapHbie MJleKOTIHTaIOmHe - .upeBHHe KOTib!THbie. I1 .uanee HX 3BOJIIO

Ul1H Ha scex Tpex MaTepHKax rrpoTeKana napannenhHO: B CTapoM CseTe OHH 

.uan11 Ha'lano oTpsi.uaM rraptto- H HenapHOKOnhITHhIX, B lOJKHOH AMepttKe -

.upyrHM OTpsi.uaM KOTih!THhIX, cpe.utt KOTOpblX ITOHBHill1Ch cpopMhl, BO MHOfOM 

TIOXOJKHe Ha nowa.uen, HOCOporoB, Bep6nIO.UOB, Janues H CJIOHOB. 

Ilopa3HTenhHhie npHMepbl napannenhHOH 3BOJIIOUHH Ha6mo.uanHCh s no

cne.uHHe fO.llbl B ApanhCKOM MOpe, KOTOpoe pa3.UeJIHJIOCb Ha .usa H301IHposaH

HhIX so.uoeMa - EonhWOH tt ManhIH Apan [102]. B pe3yJJhTaTe pe3KO yse1m

'll1Bll!ettcsi: coneHOCTH B o60HX BhIMepna 66nbwasi 'laCTb BH.UOB lKHBOTHh!X H 

pacTeHHH. Ho HeKOTOpb!e .UBYCTBOp4aTb!e MOJIIl!OCKH BbllKHJIH, H BBH.UY pe3KOH 

CMeHbl ycnoBHH o6ttTaHHH Ha'lantt 6hJCTp0 3BOJIIOUl10HHpOBaTb, H 3TH 3BOJIIO

Ul10HHb!e npouecChl npoTeKantt O'leHb CXO.UHb!M o6pa30M B .UBYX pa3o6meHHh!X 

so.uoeMax. flp11 '.}TOM pa3nH4HH MelK.UY HCXO.UHb!Ml1 H HOBb!MH cpopMaMH nopott 

O'leHb senHKH (rnKasi c"ferreHh pa3nH4HH xapaKTepHa .un si pa3HhIX po.uos, a HHO

r.ua. l1 ceMeHCTB .UBYCTBOp4aTh!X MOillllOCKOB). Maccosoe Bb!MttpaHtte OCB06o

.lll1Il0 MHOJKeCTBO 3KOHHlll: BbJMepnH Bee MOilll!OCKH- cpHnhTPaTOpb!, HO BhllKHill1 

MHorne 3apbrna10mttecsi rpyttTOe.UhJ. B peJynhTaTe rpyHTOe.UbJ crnntt rrpespa

maTbCH B cpHilbTpaTOpOB, rrpH 3TOM B CTpOeHHH HX paKOBHHhl rrpOHCXO.UHilH 

COOTBeTCTBYIOmHe l13MeHeHHH. 

B 3BOJIIOUHH 611occpepb1 otJeHb qacTbJ cny'laH, Kor.ua H3 .usyx napannenhHO 

pa3Bl1Ba10m11xcsi JIHHHH HHa.uanTHBHaH cpopMa .llOCTHraeT ycnexa nepBOH Ha 

OCHOBe 6bJCTpO rrptto6peTeHHh!X a.uarrTaUHM, a Me.uneHHO pa3Bl1BaIOIUaHCH 3Ba

.uarrTl1BHaH cpopMa npHo6peTaeT 6onee c6anaHcttposaHHbie a.uanTaUHH 11 cTa

HOBHTCH .UOMHHHpyIOmeìi. H, .sepOHTHee scero, HMeHHO rrpecc CO CTOpOHbl 

«6hICTpOM» rpynnhl KaTalll13HpyeT 3BOillOU11IO «Me.uneHHOM» 3Ba.uarrTHBHOM 

cpopMbI, TaK KaK noJsonsieT Ja 6onee .un11TenhHbIM cpoK np1106pecTtt 6onee co

sepweHHbie a.uarrrnu1111 [103]. 
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noCKOJlbKY apOMOpQJ03 eCTb cnO>KHblH KOMnneKCHblH npOL\eCC, 3axsaTblBa10LL\l1Ì1 

cpa3y HeCKOJlbKO pa3HblX (XOTb 11 pO)l,CTBeHHblX) rpynn opraHl13MOB, YaCTO O)l,11H 

H TOT >Ke npH3HaK cnoco6eH np051BJl51TbC51 B HeCKOJlbKHX 3BOJllOL\HOHHblX JIHHl1-

51X noYrn Ha OAHOM speMeHHOM OTpe3Ke. Pa3BHBaeTC51 AOBOJlbHO 6onbwoe 

MHOroo6pa3He nepeXO)l,HblX cjlopM, y KOTOpbiX nporpeCCHBHble npH3HaKH B Ha

Yane pacnpe)l,eneHbl M03aHYHO, HO noneneHHO HaKann11sat0TC5l B OT)l,eJlbHblX 

3BOJllOL\HOHHblX BeTB51X: )l,BH>KeHHe B O)l,HOM HanpasneHHH, HO pa3HblMH nyrnMl1 

H)l,eT O)l,HOBpeMeHHO no HeCKOJlbKHM BeTB51M. 

K01111enZ{UR 6J1o'l1-1oìi 360flJOZ{uu. 

IlepBbIM o 6noqHott cTpyKType )ln!BhIX c11cTeM 3aJIBl1JI 3p. l>pIOKKe 
( 1861 ), YTBep)!(.naBllIHH, qTo KJieTKa eCTb MexaH113M, COCTOJIIU11H 113 MeHbllil1X 

MexaHl13MOB. 11 .neilcTBl1TeJihHO, Ha scex 11epapx11qecK11x yp0Bm1x opraH113a

u1111 - OT MOJieKynJipHoro .no 611oc<JiepHoro - npoJ1BJIJ1eTCJ1 6noqHhIH np11H

u11n 3BOJIIOl..{1111. He MO)!(eT 113MeHeH11e OAHOro MaJioro KOMnOHeHTa nosneqb 3a 

co6ott nporpeCCl1BHOe pa3Bl1Tl1e BCeH Cl1CTeMbl. K a K OTMeqaJIOCb, o TOM )!(e 

yTsep)!(.nana Teop11J1 HOMoreHe3a. 

Ha nonyJIJ1Ul10HHOM ypoBHe cpe.noil 3BOJ1 JOU1111 J1Bm1eTcJ1, npe)!(.l{e scero, 

3KOJ1or11qecKaJI m1wa, 3aH11MaeMaJ1 non)'JUlu11eil s onpe.neneHHOM 611oreoueH03e . 

IT03TOMY «B OCHOBe <Ji11noueHoreHe3a Jle)!(l1T Koa.nanTl1BHaJI 3BOJIJOl.{HJI KOMno

HeHTOB pa:moro paHra 3Ko11or11qecK11x c11cTeM» [I 04]. B TO )!(e BpeMJI s11.n KaK 

CHCTeMa reHemqeCKl1 B3al1MOCB513aHHb!X nonyJJJ1Ul1H JIBm leTCJI 6110KOM (111111 KOM

noHeHTOM) pa3Jil1qHbIX no CBOeMy COCTaBy coo611.1ecTB, a 611oreoueH03 - 3KOCl1-

CTeM pa3Horo 11epapxwiecKoro ypOBHJI c110)!(HOCT11. B pe3)'JlbTaTe a.nanrnu11J1 Ka

)1(.l{OH nonyJIJ1u1111 s1111J1eT Ha 3B011IOU11JO coo611.1ecTBa 11 fomreoueHo3a. 

B .napBHHOBCKOH Teop1111 3so1110u1111 c<JiopMyn11poBaHo <JiyH,naMeHTa11hHoe 

npe.ncTaB11eH11e o HeHanpaBJieHHOH 113MeHql1BOCTl1 KaK OCHOBe OT6opa 11 3B0-

11JOUI111, a B K11acc11qecKOH reHeT11Ke npeo6na.naeT npe,ncTas11eH11e o CJJyqaì1HoM 

xapaKTepe MYTau11ì1, qTQ AOKa3aHo 3Kcnep11MeHrnM11 Jiyp1rn- )J;enh6p10Ka 11 .np . 

I1p11 3TOM B KJiacc11qecKoì1 retten1Ke 11 3Bo1110u110HHOH Teop1111 Bonpoc o cyrue cT

BOBaH1111 npe.nenoB 113MeHq11BOCT11 <JiaKT11qecK11 He paccMaTP11Ba11cJ1 . K np11Mepy, 

oueHKl1 pa3MepoB noCJJe)lOBaTeJibHOCTeH reHOB, 6e11KOB (.no 103 
MOHOMepos) 11 

reHOMOB (.no I 07 
y np0Kap110T 11 I 010 

- y 3yKap110T) Bbl3Ba1111 MHO)!(ecrno so 

npocos, nOCKOJlbKY y)!(e uen04Ka 6eJ1Ka AJIHHOH B I 00 MOHOMepoB )laeT CJll1W

KOM 601lblUOe q11c110 B03M0)!(Hb!X sap11aHTOB. 

EAHHCTBeHHblM nYTeM ,1(1151 pa3peweHl1JI 3TOfO napa.noKca CTaJI nepexo.n K 

paCCMOTPeHHIO cnyqaì1HOCTl1 11 113MeH411BOCTl1 e no3111..{11H 6JI04HOH 3BOJIJOl.{1111, B 

TOM q11cne Ha reHeTH4eCKOM ypOBHe (OCHOBHblM np11Hl..{11IlOM B03Hl1 KHOBeHl1JI 11 

3son10u1111 reHOB, PHK, 6eJ1KOB 11 ttx c11cTeM J1BJIJ1eTCJ1 611oqHb1ì1 np11Hu11n CTPYK

TYPhI, np11qeM 6noKaM11 CJIY)!(aT <JiYHKUHOH11py10ru11e KOMnoHeHTbI, <JiparMeHTbI 

~e cyruecTByJOIUHX MaKpOM011eKyn 11 11x c11cTeM). TaK, 61104HaJ1 CTPYKTYPa rno-

6)'JUlpHbIX 6e11KoB OTPa)!(aeTCJI Ha npouecce 11x cBopaq11saH11J1 (caMoopraHH3a

u1111): B pe3yJJbTaTe Cl1HTe3a nepB114HOH noc11e.noBaTe1lbHOCTl1 <JiopMHpyIOTCJI Bbl-
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pa)l(eHHbJe rrpOCTJJaHCTBeHHhie CTJJYKrYPhl, KOTOpb!e nanee rro:nanHO B38l1MO)lefi

CTBYJOT, o6pa3yll e)lttHYIO rncTeMy. Cxo)lHbIH rrpouecc caMooprattmautttt ocyrue

CTBJUieTCll TaK)l(e nptt <tJopMttpoBaHHH BTOpwrnoìi CTJJYK'fYPbl tPYHKUHOHaJibHhIX l1 

reHOMHbIX PHK (T-PHK, p-PHK tt ,11p.) [90]. <l>aKrw1ecKtt pe'Ih tt)leT o rrepexone 

OT JIHHeHHOH rrapanttrMbl c11yqaìiHhIX He3aBHCl1MbIX MYTaUHH K napanttrMe HeJIH

HeHHOro CHCTeMHOro <tJopMttposamrn reHOMHb!X l13MeHeHHH. 

BeJIHKa TaK)l(e pOJib ycJIOBHH, rrptt KOTOpb!X B KJieTKe ,11eìiCTBYIOT Mexa

Hl13Mbl perrapau11ìi, peKOM6HHauttìi, TpaHCIT03HUHH l1 np., nptt 3TOM HaJIHlJHe 

IIOBTOpOB pe3KO yse11wurnaeT sepOl!THOCTb aKTOB, rrpttBO)llllllllX K 113MeHlJHBO

CTH. f'paHHUbl H3MeHlJHBOCTH orrpe)leJill){)TCll, B OCHOBHOM, ~e arrpo6ttpOBaH

Hb!MH 6110KaMH. B Ka'leCTBe rrpttMepa MO)l(HO paccMOTpeTb nepexon OT rarr110-

HJlHOro rrpoKapHOTHlJeCKOro K )lHITJIOH)lHOMY 3yKapHOTl1lJeCKOMY reHOMY (3BO

JIIOUHOHHOro npttcnoco611eHHll 6011ee umpoKoro npo<tJtt11ll). KaqeCTseHttoe 

yseJittlJeHHe 11H<lJopMaUHOHHOro conep)l(aHHll HeB03MO)l(H0 6e3 pe3KOro pocTa 

pa3Mepa reHOMa. I1 JlOCKOJlhKY pa3Mep reHOMa npoKapttOTOB HMeeT BepXH){)){) 

rpaHHUy, orrpene11eHHYIO JIHMHTHPYIOlllHMH 3BeHbl!MH H, CJie)lOBaTeJibHO, Be

pOllTHOCTblO B03MO)l(HbIX MYTaUHìi, rrpeono11eHtte 3Toìi rpaHHUbI B03MO)l(HO e 

rrepexO)lOM K )lllfIJIOH)lHOCTH, lJTO yseJIHlJHBaeT B03M0)1(HOCTb HOBb!X MOJlYJib

Hb!X KOM6HHaUHH (90]. 
fipouecc «C06HpaHHll» 6JIOKOB 3aBHCHT OT HX CTJJYKTYPbI, cpyHKUHH H 

CJIO)l(HOCTH rrpl!Mb!X 11 o6paTHb!X CBl!3eìi B CHCTeMe l1 optteHT11pOBaH .Ha MaKCH

MaJihHOe coxpaHeHHe 11X ueJIOCTHOCTH. 1eHOMbl B norryJillUHH He crroco6Hbl 6hI

CTpo anarrTHBHO 3BOJIIOUHOH11pOBaTb cpa3y rro MHOrHM reHaM, ITOCKOJibKY 3TO 

C03)laeT 6oJibU!l1e ceJieKTHBHbie ITOTeptt, KOTOpbie He KOMITeHCttpyIOTCll pOCTOM 

pa3MHO)l(eH11l!. CymecTBOBaHtte 6110KOB rro3BOJil!eT HM s1a11Mo,11eìicrnosaTb rro

waroso, B qaCTHOCTH, anarrTaUHll JIHMHTHPYIOlllHX reHOB ITOCTeneHHO rrepeBO

)lllT HX B HHOe Ka'leCTBO. J111MHTttpyIOlllHM CTaHOBHTCll npyroìi reH, 11 rrpouecc 

IIOBTOplleTCll. OrpaHttlJeHHOCTb B03M0)1(Hb!X TJ)aeKTopttìi l1 ITOBTOpl!eMOCTb rro

warosoìi 3BOJIIOUHH 11MeeT MOJieKyJillpHbie OCHOBbl. fI03TOMY ITOJIO)l(HTeJibHbIH 

HJIH OTpHUaTeJibHblH 3cp<tJeKr MYTaUHH 3aBHCHT OT Toro, KaK11e MyTaU11H ycneJIH 

3aKperrHTbCll pattee, a rroc11enosaTeJihHOCTb MYTaUHìi 11 11x 1aKpenJieH11e senYT 

JIH6o K o6paTl1MOCTH, Jm6o K Heo6paTHMOCTH c11yqaìiHb!X npouecCOB. 

I11yqeHHe ananTaUHH 6aKTepttìi K aHT116110THKaM ITO)lTBepnmrn 3TO ITOJIO)l(e

HHe [105]. EaKrep11tt rrpttcrroca6JittBaIOTCll K aHT116ttoT11KaM tt3 rpynnhI 6ern-

11aKraMOB (K Hl1M OTHOCHTCll umpOKO l1CITOJib3YeMh!H neHHUHJIJIHH) 611aronapl! 

MYTaUttllM reHa, KOJlHPYJOntero cpepMeHT 6ern-11aKraMa3y. B xo,11e ananrnuttH 6aK

Tepttìi K ue<PornKCHMY - aHTH6HOTHKY TJ)eTbero ITOKOJieHHll H3 rpynnhl 6ern

JiaKTaMOB - B HCXO)lHblH BapttaHT reHa 6eTa-JiaKTaMa3bl ttcryccseHHO 6bJJIO BHe

ceHO ITllTb MYTaUHH, B pe3yJibTaTe '!ero ycTOHlJHBOCTb K aHTH6HOTHKY B03pacJia B 

1 O ThIC. pa3. B eCTecrneHHbIX yc110BHl!X OJlHOBpeMeHHOe nollBJieHtte cpa3y ITllTH 

noJie3HhIX MYTauttìi Manosepol!THO (yqttThIBal! rrowarosb1ìi npouecc B JIHHeìiHoìi 

MO)leJIH 3BOJJIOUHH - Ka)l(Jlal! npeJlhlJl)'lUal! MYTaUHll JlOJI)l(Hal! 1aKperr11llTbCll HJIH 

He 3aKpeITJil!TbCll ITOCJie)lymmeìi). Eo11ee Toro, )lJUI CJIO)l(Hb!X CHCTeM HeB03MO)l(eH 
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npocToì1 a)UU1Tl1BHhitt :icj:>cj:>eICT. YI i:1eì1cTBl1TeJihHO, BhHICHl1JIOCh, 4TO OL\Ha l13 rn1Tl1 

Myra1mì1 He TOJibKO He ysenl1411BaeT, a CHmKaeT ycTOM4l1BOCTb K aHTl16l10Tl1Ky, a 

LIPYTaH - ycKopHeT rni:1poJil13 uecj:>oTaKCH.Ma, HO B ueJioM Jil1Wh He3Ha•unenhHO 

TIOBb!WaeT ycTOM411BOCTb K aHTl16l10Tl1Ky. A 11X C04eTaHl1e pe3KO TIOBb!WaeT yc

TOM4l1BOCTb opraHl13Ma, TIOCKOJihKY B XO):\e ai:1anTau1111 K uecj:>oTaKCl1MY nepBaH 

MyraulfH MO)l(eT 6b!Th 3acj:>11Kc11poBaHa Jil1Wh noCJie HacryrrneHHH BTopoìi PacqeTu1 

noKa3aJil1, '-!TO B 99 % cnyqaeB 3BOJIIOUl1H «Bh1611paern OL\11H l13 I O, a B 50 % -
OLIHY l13 L\Byx Ha1160Jiee BepoHTHhIX TPaeICTopl1ì1. 

TaK, « ... 11Me10TCH cepbe3Hhle ocH0BaH11H cq11TaTh, 4TO peKOM611Hau11H 

o6bl'-IHO no.uaBJieHa 11MeHHO B Tex yqaCTKax xpOMOCOM, ri:1e pacnOJIOlKeHhl ... 

6noK11 Koa.uanT11poBaHHhIX reHOB» [I 07]. 

B L\e!lOM, 111p,e10 6no4HOH 3BOJllOL\l·H1 MO>KHO ccpopMyn111posaTb CJlep,y10w,11M o6-

pa3oM: OCHOBHblM npl1HL1"1nOM B03Hl1KHOBeH11H lii 3BOJ1IOLlllll1 6110J10r114eCKl1X 

Cl1CTeM HBJlHeTCH 6Jl04HOe KOM611H11posaH11e « roTOBblX» crpyKTyp. 

Heìi.mpaJibHGR meopUR MOJieKyJIRpHou :JBOJ1101.1uu. B coBpeMeHHoì1 TPaKToB-

Ke TeOp1151 Heì1TpanhHOM MOJieKynHpHOM 3BOJIIOUl111 (BnepBbie ccj:>opMyn11poBaHa 

KuMypoìi, KuHroM 11 )J,JKyKcoM) yrBepJKi:1aeT, 4TO 6onhW11HCTBO 113MeHeH11ì1, 

npo11CXOL\Hll{l1X B npouecce 3BOJilOUl111 Ha MOJieKynHpHOM ypOBHe, HettTpaJibHbl 

11JI11 no4Tl1 Heì1TpanhHhI. ilp11 3TOM 0H11 Moryr o6na.uaTh 11n11 He 06nai:1aTh on

pei:1eneHHhIM11 3Ha411Mb!Ml1 cj:>yHKUl1HMl1 Ha ):\aHHOM 3Tane 3BOJIIOUl111. b0Jlbllll1H

CTBO reHOB L\OCTaT04HO LIOJirO TPaHccj:>opM11pyeTCH B pon11 Heì1TPaJibHbIX, HO 

Heì1TpanhHhie Ha onpeL1eJieHHOM 3Tane reHbI 11nl1 11x coqeTaHIDJ np11 113MeHeH1111 

BHell!H11X ycnOBl1H Moryr 3aHHTb Ka4eCTBeHHO 11HYIO n0311Ul1IO 11 C03):(aTb HOBble 

6JI04Hble KOM611HaU11ff. HacymHaH Heo6XOL\11MOCTb B03Hl1KHOBeHl151 HOBb!X 

KOM611Hau11.H, JieJKaIU11X B OCHOBe 113MeH'-111BOCTl1, np11BOL\l1T K B03paCTaHl1IO po

Jil1 Mo611nhHhIX :ineMeHTOB, 11x i:111cj:>cj:>epeHu11au1111 l1 cneu11aJI113au1111, T. e. onpe

i:1en5!10T oco6eHHOCTl1 3BOJIIOU1111 Ha KalKLIOM :irnne 11 nepexoi:1e. 

Yl3yqaH cKopocT11 aMttHOKl1CJIOTHhIX 3aMeH B 6eJIKax, K11Mypa 06paT11JI 

BHl1MaHH.e Ha HecooTBeTCTB11e i:1aHHhIX, nonyqeHHhIX 11M 11 eme paHee P. <1>11-

ll!epoM. Moi:1enh 6aJiaHC11py10mero OT6opa P. <1>11lllepa, C03L\aHHaH LIJIH 06bHC

HeH11H nonyJIHU110HHOro TIOJil1MOpcj:>113Ma, OCHOBaHa Ha ceneKTl1BHOM npe11My

meCTBe reTepo311roT. Oi:1HaKo B peanhHOCTl1 ypoBeHh reTepo311roTHOCT11 6oJih

llll1HCTBa opraHl13MOB B cpei:1HeM He npeBhill!aeT 7-15 %, a ThIC514l1 anneneì1 B 

nonyJI51Ul151X, np0113BOL\51IU11X IlOJil1MOpcj:>Hhie 6eJIKl1, He MOryT 06JiaL1aTb ai:1an

Tl1BHOM ueHHOCThIO. 3T11 ttecooTBeTcrn1151 HaTOJIKHYJil1 K11Mypy Ha MhICJih o 

TOM, 4TO 60Jibllll1HCTBO HYKJieOTl1L\HbIX 3aMeH L\OJilKHO HOCl1Tb HettTpanbHhIM 

xapaICTep 11 cj:>11Kc11poBaTbC5! CJiyqaì1HhlM i:1peì1cj:>oM, a COOTBeTCTBYIOIU11e TIOJil1-

MOpcj:>Hbie aJIJieJil1 DOMeplK11BaTbC51 B nonyn51Ul1l1 6anaHCOM MelKLIY MyTau110H

Hb!M L1aBJieHl1eM 11 cnyqaì1Hh!M OT60pOM. 

B ornoee 11eumpaJIU3Ma Jie.//Cam cJieòy10UJue noJIOJJCeHuR [85] : 

• He Bee 113MeHeH115! HYKJieOTl1L\HOro p5!L1a Ll:HK np11BOL\5!T K 113MeHeH1110 

TIOCJie):IOBaTeJibHOCTl1 aMl1HOKl1CJIOT B MOJieKyJie 6enKa; 
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• IIOCKOJihKY I.JaCTO <PYHKUHH MYTHPOBaBIIlllX reHOB COBITa)],aIOT e <PYHKUWl

MH HOpMaJihHhIX, OT6op rro OTHOIIleHHIO K HHM - HeihparreH, a HCI.Je3HO

BeHHe H 3aKperrrreHHe MYTaUHH B reHo<Pott)].e crryqaH:Ho; 

• B pe3yrrhTaTe OT6opy «rro cymecrny 6e3pa3JIHI.JHO, KaKHe reHeTHI.JeCKHe 

MeXaHI13Mhl orrpe)].eITJIIOT pa3BHTHe )],aHHOH <PopMhl H COOTBeTCTBy10meH: 

<PYHKUHH, xapaKTep MOJieKyrrHpHOH 3BOJIIOUHH cosepilleHHO OTJIHI.JeH OT 

xapaKTepa <PeHOTHITHI.JeCKOH 3BOJIIOUHH». 

Eorree Toro, HeHTPaJihHhie 3aMeHhI peryrrHpy10T B03MO)!(HOCTh 3aKpenneHH51 

)].pyrHx MYTaUHH, Bbicryrra51 Ba)!(Hh!M <PaKTopoM 3BOJIIOUHH Ha MOJieKyrr51pHOM 

ypoBHe . I1 3TH B03HHKII1He peryrrHTOpHbJe CB513H cnoco6crnyIOT B03HHKHOBeHHIO 

tteo6paTHMOCTH B HHTerpHposaHHOM npouecce MOJieKyIT51pHOH 3BOJIIOUHH. Ha 

rrpHMepe 3BOJIIOUHH rJIIOKOKOpTHKOH)],HOro peuenrnpa (GR - 6errKa, yrrpaB

JI51IOIIIero peaKuHeH KJieTOK Ha <<rOpMOH CTpecca» KOpTH30JI) y)].aJIOCb ITOKa3aTh 

rryTh 3TOH Heo6paTHMOCTH [106] . KopTH30JI - ropMOH CTepOH)].HOH rrpHpOLl.hI, 

ceKpeTHpyeMbIH KOpOH Ha)],ITOI.JeI.JHHKOB, 51BJI51eTCH peryJI51TOpOM yrJieBO)],HOro 

o6MeHa H rrpHHHMaeT yqacTHe B pa3BHTHH CTpeccopHb!X peaKUHH opraHH3Ma. 

EeJIOK GR rrp1106perr HbIHeillHIOIO <PYHKUHIO IIYTeM yTpaTbI rrpe)].bILl.YIIIeH 60-

rree 400 MJIH rreT Ha3a)], B pe3yJihTaTe 3aMeHbl )].Byx KJIIOI.JeBb!X aMHHOKHCJIOT -

AncGRl H AncGR2. B 3TOT nepHOLI. rrpoH30II1JIO pa3)].eJieHHe rrpeLl.KOB qerr10cT

HopoThIX IT03BOHOl.JHhIX, a TaK)!(e rryqerrephIX H JIOIIaCTenepb!X pb16 (rrocrre)],HHe 

51BAAIOTC51 rrpe)],KaMH Ha3eMHb!X II03BOHOl.JHbIX). AncGRl rrpHCYTCTBOBaJI y qeJIIO

CTHOpOTb!X (K HHM OTHOC51TC51 xp51IIIeBbJe Il KOCTHhJe pbI6bI, a TaK)!(e Ha3eMHhJe 

II03BOHOl.JHhJe HJIH TeTPaIIO)],hl - HX IIOTOMKH), a AncGR2 - y IIOCJie)],Hero 

o6mero rrpe)].Ka KOCTHb!X pb16 H TeTpaIIO)],, KOTOph!H )!(HJI Ha 40 MJIH JieT II03)!(e. 

EerroK AncGRl 6hlrr crra6ocrreu11<P111.JHhIM peuerrrnpoM, pearnpy10ruHM Ha IlIH

poK11H Kpyr Ml1HepaJIOKOpT11K011)],0B 11 3HaI.Jl1TeJibHO crra6ee Ha KOpT1130JI, a 

AncGR2 - cneu11arr11311posaHHhIM peuerrrnpoM, H36HpaTeJibHO pearnpyIOIIIHM 

Ha KOpTH30JI (KaK 11 cospeMeHHhie GR Ha3eMHbIX rro3BOHOI.JHhrx). CMeHa <PYHKUHH 

peuerrrnpa rrp11 rrepexo)],e oT AncGRI K AncGR2 6brna CBH3aHa e 3aMeHoH: 7 113 

37 aMHHOKl1CJIOT B TOH o6rraCTl1 6eJIKOBOH MOJieKyJihl, KOTOpaH OTBeI.JaeT 3a CB51-

3bIBaHHe CTep011)],HOro ropMOHa. I1epBa51 3aMeHa cepHHa rrpOJil1HOM rrpHBerra K 

H3MeHeHl1IO KOH<P11rypau1111 aKTl1BHOro ueHTpa 6eJIKOBOH MOJieKyJihI, BTOpa51 -

K np11KperrrreH1110 MOJieKyrrhI KOpT113ona K aKTl1BHOMY ueHTPY GR (rrocpe)].CTBOM 

)],OIIOJIHHTeJibHOH BO)].OpO)].HOH CB513H). I1ocJie)].yIOIIIl1e TPl1 3aMeHbl yc11JI11JIH H3611-

paTeJihHOe CB513b1BaH11e KOpTH30Jia, CHH3HB ero peaKUHIO Ha Ml1HepaJIOKOpTl1KOH)],bl 

11 CTa6HJihHOCTb rrpOCTPaHCTBeHHOH KOH4>11rypau1111 6eJIKOBOH MOJieKyJihl. I1o

CJie)],HHe 2 H3 7 3aMeH HHBerr11pOBaJIH Bpe)].Hhle 3<P<PeKTbl rrpe)],bl)].YIIIl1X 11 II03BOJil1-

Jil1 3aKpeIIl1TbC51 rrorryqeHHOMY 3<P<PeKTY B XO)],e ecTeCTBeHHOro OT6opa. llTOro, )],AA 

CMeHhI <PYHKU1111 GR rroHa)].0611Jiocb 7 aM11HoK11crroTHhIX 3aMeH, crroco6cTBOBaB

IllHX npHo6peTeHl1IO 6errKOM HOBOH <PYHKU1111 . .LJ:o Tex rrop IIOKa 3Ta HOBaH <PYHK

U1151 o6ecneI.JHBaJiaCh BbIII1errepeq11cJieHHhIMl1 aMl1HOKl1CJIOTHbIMl1 3aMeHaMH, 3BO

JIIOUH51 GR eme Morna CTaTh o6paTHMOH (HarrpHMep, ecnH 6b1 rrpewaM KOCTHhIX 

pb16 11 TeTPaIIOLI. rr0Ha)].0611J1ocb, 1.JT06b1 GR BHOBb HaI.JaJia pearnposaTb Ha MHHe-
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paJioKOJITHKOM.nhI B 3as11c11MoCT11 OT ycJios11ii 0611TaHm:1). TI0-s11.n11M0My, 5 113 

30 OCTaBUlHXC51 <<HeHTpaJihHhIX» 3aMeH IlOMOrJIH C)leJiaTh IlOJI)"leHHbie 113MeHeH1151 

3BOJII-OUHOHHO Heo6paTHMhlMJil. 3T11 .uaHHhie IlO)lTBep)l(,llaI-OT npaBHJIO - B xo.ue 

ecTeCTBeHHOro OT6opa 3aKpeUJI511-0TCH TOJlhKO TaKHe 3BOJII-OUHOHHhie tt3MeHeH1151, 

np11 KOTOphIX Ka)l()lh!H 3Tan 51BJ151eTCH HJIH IlOJie3HhIM, JilJIH HeHTpaJlhHhlM. 

TaKHM o6pa3oM, 6oJihI.IIHHCTBO reHOB .uoCTaToqHo .uoJiro 3BOJI10U110H11py

eT B KaqecTBe HeiiTpaJibHhIX, HO HeiiTpaJibHhie Ha onpe.ueJieHHOM 3Tane 3BeHhH 

(reHbI) np11 H3MeHeH1111 BHeI.IIHHX ycJios11ii MoryT 3aH51Th KaqecTBeHHO HHYI-O 

Il0311U111-0 11 C03)laTh HOBhie 6JioqHhie KOM6HHaUttl1. A Heo6xO)ll1MOCTh B03HHK

HOBeHH51 HOBhIX KOM611HaI . .111H 113MeHql1BOCTl1 npHBO)lHT K B03pacTaHH]{) pOJIH 

Mo61111bHhIX ::i11eMeHTOB, 11x .umpcpepem . .111au11tt 11 cneu11aJI113au1111, T. e. onpe.ue

meT oco6eHHOCTl1 3BOJII-OU1111 Ha Ka)l()lOM 3Tane 11 B ueJIOM. 

c. 3. lllHOJlb pa3BHBaeT KOHuenu1110 «KHHeTttqecKoro cosepI.IIeHCTBa» KaK 

KpHTep1151 3BOJII-OUl10HHOH ycneI.IIHOCTH BH,Ua: «CosepI.IIeHCTBOBaH11e no KpHTe

pHHM co6cTBeHHO 6ttoJior11qecKHX cpaKTopoB o6ycJIOBJIHBaeTCH rnaBHhIM o6pa-

30M BhI6opoM TpaeKTop1111, )lBH)l(eHHe no KOTOpoii B HanpaBJieHHH pocTa 6HOJIO

r]ifqeCKOro ( KHHeT]ifqeCKOro) cosepI.IIeHCTBa tt)leT e HaH60JihI.IIeii CKOpOCThl-0. 

CKopocTb B03pacTaH1151 611011or11qecKoro cosepI.IIeHcTBa HBJI51eTcsi Mepoii 6ttoJio

rnqecKoro nporpecca». CJie.Uy51 A. H. Cesepuosy (I 866-I 936), KOTOpb1ii ycrn

HOBHJI qeThipe OCHOBHhIX HanpaBJieHHH 6ttOJIOfJilqecKoro nporpecca qepe3 np11-

cnoco611TeJihHhie H3MeHeH1151, peryJIHPYI-OLLltte 3 Hepr1110 )1(!13He)le51TeJibHOCTH 

nonym1u11ii B cp11JioreHe3e, OH n111.IIeT: «B KOHKypeHu1111 3a semecrno, 3Hepr111-0 11 

npOCTpaHCTBO 113 HeCKOJlhKHX ,,MYTaHTOB" no6e)l()laeT TOT, y KOTOporo JilTOrOBaH 

CKopoCTh 3anoJIHeH115! apeaJia BhII.IIe .•. B caMOM .neJie, cymecTBeHHa He qJilcJieH

HOCTh, a Ko1111qecrno semecrna, npeo6pa3yeMoro B e.u11tt11uy speMeH11 B semecTBO 

.uattttoro sap11aHrn (MYTaHTa, s11.ua)» [ 107). C . 3 . lliHOJih npe)lJlaraeT so3pacrn

H11e KHHeTHLJeCKOro COBepI.IIeHCTBa B BH)le cp11JioreHeT11qecKoro .upesa, nO)lHl1-

MaI-Omeroc51 no cryneHhKaM 3BOJII-Ou1111 11 seTssimeroc51 Ha HHX. 

Hap51.llY e «3HepreTttqecKHM» no.uxo.uoM, npe.unoJiaraI-Oil..lHM tta1160Jiee ::icp

cpeKTHBHoe «H3BJie1.feHtte» ::ittepr1111 opraHH3MaM11 113 OKpY*aI-Omeii cpe.Ubl 11 ee 

npeo6p\DOBaH11e, cymecTByeT TaK)l(e «3HTpOnHHHhIH», Ha1160Jiee eMKO Bblpa)l(eH

HhlH He.uasHo B. Il. lIJ,epoaKOBbIM [I 08). 3soJIIOUH51, no ero MHeHHI-O, - 3TO 

cnoco6 )l(HBOro npornsocT051Th 3HTpon1111, HapacrnI-OuteMy xaocy 11 6ecnop51ìlKY· 

0Ha C03)laeT HOBaUHH, HO ecTeCTBeHHhlH oroop COXpaH51eT TOJlhKO Te 113 HHX, 1.fTO 

rrpimaroT opraHH3MaM ycTOH'lttBOCTh K )laJlhHeHI.IIHM 113MeHeHHHM, Te, 1.fTO n03B0-

1151IOT HM KOHcepBaTHBHO BOCnp0113BO)ll1Th CBOH KOIIHH B )lJIHHHOM p si.uy noKOJie

HHH. BcnoMHHM 2-ii 3aKOH TepMO.llHHaMHKH 11 TepMo)l11HaM11ry OTKpbIThIX c11c

TeM, MO)l(HO noJiaraTb, qTo 3TH no.uxo.UbI He npoT11BopeqaT .upyr .upyry. Hap51.UY e 

3HepreT]ifqeCKHMl1 11 3HTpOnHHHhlM11 no.uxo.uaMH pa3BHTl151 OTKpblThIX CttCTeM pa3-

BHBaI-OTCH 11 HHcpopMau110HHhie. B npOCThIX cp11311KO-XHMl11.feCKl1X CHCTeMaX 3Tl1 

BeJI11qJi1Hhl MOfYT 6b!Tb CB513aHhl OTHOCHTeJibHO npOCTh!Mtt 11 «nOHHTHhlMJil)) atta

JIHTHqecKHMH COOTHOI.IIeHHHMH, O)lHaKO TeOp1151 TOro, KaK OHH «KOHTpOJIHPYfOT» 

6110Jior11qecKYI-O 3BOJIIOUHIO, OCTaeTCH Ba)l(HeHI.IIttM npe.uMeTOM ecTeCTB03HaH1151. 
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5.3.2. 3so111-0u;irn fomccpepbI KaK crroco6 
caMoopramna11,1111 aKTHBHbIX cpe.z:i; 

>KH3Hb - 3TO cnoco6 Cyll\eCTBOBaHHR aKTHBHblX cpeA. 

A. H. 3a11K11H 

bHOJIOfHll 11 3KOJIOfH51 ycrreurno rrocn1ra10T TOHKHe MexaHH3Mhl 3BOJIIOI.(H

OHHOro pa3BHTH51 )!{HBOH rrp11pO.llhI , 0.llHaKO Ba)!{Heiiurne <1>11noco<!>cKoro yp0BH51 

sorrpOChl OTHOCHTeJihHO «ueJIH» 3BOJIIOI.(HH H ee .llBH)!{Yll-lHX CHJI rro-rrpe)!{HeMy 

ocTalOTC51 OTKphIThIMH. OTBeT Ha rrepBhIH sorrpoc MO)!{eT 6hITb n apa.noKcanhHbIM 

11 KOHKpeTHhJM: 3BOJIIOuHOHHbJH ITYTb ecTb, a KOHe"!Ha51 uenb OTCYTCTsyeT. EcTh 

JU!Wh rrowarosoe cne.nosaHtte peweH1110 KOHKpeTHhJX rrpo6neM BhI)!{l1BaH11l! 011-

.nos 11 3KOCl1CTeM, BITJIOTh .llO 611occpeph1 B xo.ne H3MeHeHHH BHewHeii cpe.nhl 11 

KOHKypeHTHbIX OTHOWeHl1H BHYTPH 611oueH030B. Ilo 3TOH rrp11"111He .llBl1)!{YJUa51 

pa3HOCTb ITOTeHuHaJIOB Me)!{.ny Ha"laJihHhIMl1 11 KOHe"!HbIMl1 rryHKTaMH 3BOJIIOI.(11H 

TaK)f(e OTCYTCTByeT, a eCTb TOJibKO 11CIIOJih30BaH11e JIOKaJihHb!X 11 KOHe"!HbIX rro 

seJil1"!11He pacrrpe.ueneHHbIX l:ICTO"!HHKOB 3HeprHl1, xapaKTepHbIX .llJ151 «aKTHBHOH 

cpe.llbl» e pacrrpe.neneHHbIM pecypCOM 3Hepr11H. 11 eCJIH KOHe"!Hall ueJih 3BOJIIO

uHH OTCYTCTByeT, TO orrepe)!{a!OIUall 3a.[la"!a « pa3Be.ll"!HKOB» COCT011T B o6Hapy

)f(eHHl:I ycTOH"lHBoii TpaeKTop1111 pa3Bl1TH51 H 3aKperrnemrn Ha Heii. 

lt138€CTHO, 4TO Afl5l 3cjJcjJe1<n1BHOH pa60Tbl Cl1CT€Mbl (no.n 3cjJcjJeKrnBHOCTblO Ule
.nyer noH11MaTb cnoco6Hocrb onrnM11311posaTb no11c1< ycroi1411soi1 rpae1<rop1111 
pa3s11rnH) ee anrop11TM caMoopraH113au1-111 .nom1<eH COYeTaTb seprn1<anbHb1e 11 
rop1130HTaJibHble CB5l311 . 4eM MHOrQ411Ul€HHee Cl1CT€MHble 6nOK11, TeM MHOro-
411Ul€HHee CB5l311, 4€M 6onee HepaBHOB€CHa 11 , Ul€.llOBaTeJibHO, H€Jll1H€HHa 
c11creMa, reM MeHee npe.ncKa3yeM ee orner Ha BHewHee so3.nei1as11e. Knacc11-
Yec1<oe cjJ1-1noreHern4ec 1<oe .npeso orpa>1<aer TOJibKO np11Hu11n seprnt<aflbHOH 
380Jll01..(1111 . B TO >Ke speMH MHOrQ411Ul€HHble .naHHble IT0380Jl5llOT yrsep)K.llaTb, 
4TO B xo.ne 380Jll01..(1111 np011CXO.lll1Jll1 reHHble nepeHOCbl KaK BHyrp11 TaKCOHOB 
(snnoTb .no uapcrn), raK 11 Me>K.lly H11M11. 

KaK MexaHl13M 380Jll01..(1111 OT6op HanpasneH Ha KOMneHcau1110 BHyrpeHHl1X 11 
BHewH11x orp11uarenbHblX cjJaKTOpos 11 cnoco6crnyer cjJopM11posaH1110 aa611nb
HOH 11epapx114ec1<0Ci crpy1<rypb1, a raK>Ke ycroi1Y11aoi1 rncreMbl rop1130HTaflbHblX 
B3al1MO.ll€HCT811H. leH€Tl14€CKl1H .npeCicjJ HanpasneH Ha rop1130HTaJibHOe nepe
pacnpe.neneH11e np113Ha1<os Me>K.lly nonynHl..(115lMl1, a seprnKaflbHblH nepeHoc 
reHOB Ha 3a1<penneH11e reHeT11Yec1<oro Marep11ana s no1<oneH11Hx. np11 3TOM 
Han11411e B Cl1CTeMe «ITO,ll,ll,ep>K11BalOW,11X» Myrau11Ci UJY>Kl'1T OCHOBOH aBTOKaTa
Jil1Tl14€CKl1X pe>Kl'1MOB, xapaKTepHblX Afl5l aBTOBOJlHOBOH caMoopraH113al.(1111 B 
a1<rnBHblX cpe.nax. A .n11sepreHL(l15l 11 KOHBepreHl..(115l 11rpaior ponb HanpaBJlH10-
w,11x se1<ropos a npocrpaHcTBe 11 speMeH11 (p11c. 5.18). 

Ha pttcyHKe Ha cpoHe ConHua KaK HCTO"lHHKa 3HeprnH .nnll 6Honorn"!ecKoi1 

3BOJIIOI.(l:ll:I 11 Cl1MBOJia aKTHBHOH cpe.nhl cxeMaTH"lHO rrpe.ncTaBJieHa ceTh TpaeK

TOpHH l:I CB513ei1 B 6 .110JIOfl:l"!eCKOH 3BOJIIOI.(l:ll:I KaK ITHTaeMOH 3Hepr11ei1 ConHua 
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- HHTerpaJibHbIH rroCTynaTeJibHblH rrepeHOC reHOB MelK.!lY He

papxHqeCKHMH ypOBlliIMH cjmnoreHeTHqecKoro .!lpeaa (MaKpo-

3BOJIJOl(H!i); 

• • • • • • • - ropH30HTaJibHbIH rrepeHoc reHoa MelK.!lY aeTB!!MH cjmnoreHe

TJ.fqecKoro .!lpeaa (MHKp03BOJIJOl(H!i) ; 

- • - - B03BpaTHO-fIOCTynaTeJibHblH MelKBH,!lOBOH rrepeHOC reHOB 

MelK.!lY HepapxHqecKHMH ypOBlliIMH cjmnoreHeTHqecKoro .!lpe

aa (MHKp03BOJl!Ol(H!i) ; 

- o6JiaCTH BO,!lHTeJieH pHTMa aKTHBHOH cpe,!lbl. 

PHc. 5.18. TpexMepHafl cerb aKT11BttoJ:.\ cpeAbl 
11epapx114ecK11x yposttei:.\ asomOl\1'11'1 611ocqJepb1 

477 

aKTHBHoH: cpe,nhJ. Bo,nHTeJrn pHTMa, H3BeCTHhie H3 rrpe.ncrasneHHH 06 asTo

sorrHosoH: CTpyKType 3BOJI!Ol(HH aKTHBHh!X cpe.n, OIT!!Th-TaKH, CHMBOJIH'leCKHM 

o6pa30M OTpa)l{a!OT rrepexo.n CITY<JaHHh!X MyrauttH: B 3aKpemrnwHeC51 CBOHCTBa 

BH.[(OB (rro aHaJIOrHH e rrpespamemfeM q)JiyKTyauttH: B rnraHTCKHe q)JiyKTyUHH B 

HeJIHHeHHh!X OTKph!Th!X CHCTeMax) . 

Dpe.ncrasrreHHe 06 aKTHBHoH: cpe.ne KaK Mo,neJrn 3BOJl!OUHOHttpy10meH: 

6ttoc<t>ephl Jie)l{HT B OCHOBe Hawero rro.nxo.na K ITOH51TH!O «6Ho<l>H3H'leCKOH 
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3Konormm. CaM TepM11H «aKTl1BHa5.! cpena» 11cxontto no5.!Bl1JIC5.! B qnn11Ke na3e
pos. Jia3ep - om11qecK11ì1 KBaHTOBhIH rettepaTop - yCTpoì1cTBo, npeo6pa-
3yiomee 3Heprmo HaKaqK11 (cseTosyio, 3neKTp11qecKyIO, Tennosyio, x11M11qe
CKYIO 11 np.) B 3Heprmo KorepeHTHOro, MOHOXpOMaT111leCKOro, non5.!p1130BaHHO
ro 11 y3KOHanpasnettttoro noToKa 113nyqeH115.!. B KaqecTBe pa6oqeì1 cpenh1 

Jia3epoB MoryT 6bITb 11CTIOJih30BaHbl Bee arperaTHbJe COCT05.!Hl15.! semeCTBa, 11 
3Ta cpena, noMemettHa5.! B onT11qecKttì1 pe30HaTop, nocne ttaKaqKll 3Heprueì1 OT 
BHellIHllX 11CTOqHllKOB CTaHOBllTC5.! aKTl1BHOH cpenoì1, cnoco6HOH rettep11po
BaTb TIOTOK BhlHY)J(J:leHHOro (uttnyuupoBaHHOro) ll3JiyqeHll5.!. Pe30HaTop C03J:(a
eT Cl1CTeMy o6paTHhIX CB5.!3eH Me)J(ny B036y)J(.[leHHblMll aTOMaM11 llJill MOJieKy
naMll, <t>opMttpyeT aBTOBOJIHhl. 06mee COOTBeTCTBlle Me)J(ny «npOCTOH» <t>mu
qecKOH MOJ:(eJibJO 11 He06h5.!THOH no CJIO)J(HOCTll 6uoc<t>epoìf npocMaTp1-rnaeTC5.! 
B TOM, qTO B 06011x cnyqa5.!X Mhl 11MeeM neno e TepMOJ:(llHaM11qecK11 OTKphlTbl

Ml1 CllCTeMaM11, B036y):(llMhIMl1 aKTl1BHhIMl1 cpe.r1aM11, <t>opM11pyiom11M11 aBTO
BOJIHhl, e Cl1CTeMaMl1, cnoco6HhIMl1 reHep11posaTb Ka'leCTBeHHO HOBOe 5.!BJie
H11e, llCXOJ:(HO He CBOHCTBeHHOe caMOH CllCTeMe: llHJ:lYUllpOBaHHOe Jia3epttoe 
u3nyqeH11e 11nu no5.!BJiettue HOBhIX 6uonoruqecKux s11nos. 3aMeqaTeJihHa5.!, HO, 
Kotteqtto )J(e, He 6yKBaJihHa5.!, oco6ettttocTh npuBenettttoìf attanoruu Me)J(ny na-
3epaMu Il 611oc<t>epoìf COCTOllT B llX cnoco6HOCTll K OJ:(llHaKOBOH HaKaqKe 3Hep
rneìf: CBeTOBOH (J:lJI5.! 611ocqiepbl - COJIHe'lHOH) llJil1 Xl1Mll'leCKOH (J:lJI5.! 6110-
cqiepbl - OKl1CJillTeJihHO-BOCCTaHOBl1TeJibHblMll npoueccaM11). 

06pa3HO rosop5.!, 3BOJIIOUllOHHhIH npouecc MO)J(HO ynono6llTh TIOTOKy, KO
TOpblH Bhl3hIBaeTc5.! unu scachrnaiomuM unu HartteTaJOil{llM ttacocoM. Ecnu 6h1 
y 3BOJIIOUlll1 6hJJia KOHe'lHa5.! uenh, TO 3TO 6hJJI 6hI BCaCbIBaJOil{llH Hacoc. Ecnu 
uenu HeT, a xapaKTep 3BOJIJOuuu B uenoM nporpeccuseH, TO nstt)J(ettue o6ycnos
netto BHyTpeHHl1Ml1 cunaM11 - ttarHeTaJOil{llM ttacocoM. Ilponon)J(a5.! attanormo, 

Mb! MO)J(eM cpaBHllTh ecTeCTBeHHhIH OT6op e <t>11JihTPOM, KOTOpb!H nponycKaeT 
unu He nponycKaeT oTnenhHhJe 3JieMeHThI B ns11)J(ymeMrn noToKe. B nono6HOM 
cpasHeHllll OT6op He MO)J(eT 6hITb J:(BH)J(ymeì1 CllJIOH. 0T6op MO)J(eT TOJibKO on
pe.nenllTb BeKTOpbl pa3Bl1Tl15.! OT,lleJihHblX nonyJI5.!UllH 11 Bll.llOB Ha naHHblH MO
MeHT speMeHu 11 B .r1aHHOM 611ouett03e. Eme o.nttoì1 aHanorueì1 MO)J(eT cn~11Th 
Bhii:i.eneHlle c11rttana 113 lllyMa, HO .ll1I5.! 3Toro J:(OJI)J(HO 6h1Tb BHellJHee OCMblC
JieHHOe ycTpoì1cTso, pacno3ttaiomee o6pa3hI. 

I>onee a.neKsaTHhIM, qeM cpasttett11e e <1>11nhTPOM, MO)J(eT 6hITh cpasttettue e 
5.!BJieH11eM nepKOJI5.!Ul1ll - npoTeKaHlleM cpe):(bl. IlepKOJI5.!Ull11 MOryT Ha6JIJO,llaTb
C5.! B pellleTKax 11Jil1 .npyrux KOHCTPYKUl15.!X, B TOM qucne HenpephIBHhIX, COCT05.!
Il{llX ll3 60JihllIOro q11cna no.no6HhIX 3JieMeHTOB un11 HenpephIBHhIX o6nacTeì1, 

ecnu TaK11e pacnpe.neneHHhie cucTeMhI HaXOMTC5.!, nono6tto TPttrrepy, B O.llHOM 
ll3 .r\Byx ycrnì1qllBhlX COCT05.!HI1H. IlpttMepoM MO)J(eT CJIY)J(llTh npOXO)J(,lleHlle 
)J(J1.llKOCTl1 qepe3 o6beMHhIH nopttCThIH o6pa3eu (BO.llhI qepe3 ry6Ky), Kor.na npo
ucxo.r111T nocrn.nuìfttoe ttanonttettue nonocTeì1 .no Tex nop, noKa 11x pa3Mepb1 
npeBOCXO)l5.!T nopor, npen5.!TCTBYJOI1{11H npocaquBaHll!O )J(l1J:(KOCTll OT 0.llHOH 

5.!'feì1K11 K .npyroì1 - cocentteìf u, B uenoM, oT o.nttoro Kpa5.! o6pa3ua .no .npyroro. 
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.[(BmKymeì1 cttnoì1 3,neci, CJI)')KttT pa3HOCTh .uasneHttì1 rro Kpa.siM o6pa3ua . .[(pyroì1 

rrpttMep - 3JieICTpttIJecKttì1 rrpo6oì1, Bbl3bIBaeMbIH pa3HOCTbI-O rroTeHuttanoB no 

Kpa.sIM .Utt3JieICTpttKa. B HalJaJihHhIH MOMeHT sce y3ni,1 ceTKH .sIBJI.sIIOTC.sI HerrpoBo

MlUHMtt. Tiptt pa3BHTtttt rrpouecca rrpo6m1 rrpottcxo.uHT rrepexo.u HerrpoBoMmttx 

y3noB B rrpoBo.u.simee cocTo.sitttte, H HX •meno HenpephIBHO pacTeT. B cpe.uHeM 

3Ta noKaJihHa.si xaoTttIJecKa.si uerrb rrepexo.uoB, rro.uo6Ho cppoHry Ta.sIHH.si ni,.ua, 

.UBtt)!(eTc.si no rpa.utteHry 3JieICTpttIJeCKOro rroTeHuttana. B 6ttonorttYecKttx cttc

TeMax 3BOJIIOUHOHHhie rrepKOJI.!IUHH MOrYT 6b!Tb npOHJIJIIOCTpHpoBaHhl CHCTeMOH 

B3aJ1MOOTHOllleHHH opraHJ13MOB B 6ttoueH03aX H 6ttocitJepe B uenoM. 

I-ITaK, nepKOJI.!IUHd1 Ha3hIBal-OT MOMeHT IlO.!IBJieHJ1.!I TaKoro COCTO.!IHH.!I 

peII1eTKJ1, nptt KOTOpOM o6pa3yeTC.!I xorn 6bI O.UJ1H HenpephIBHbIH nyTb Yepe3 

cocenHtte npoBo.u.simtte Y3JibI Me)!(.uy npoTttBonono)!(HhIMH Kpa.siMH CHCTeMbI. 

B pa3JIJ1lJHbIX CHCTeMax nepKOJI.!IUJ1J1 MOrYT CTaTh pa3pacTaIOU(J1MJ1C.!I ycTOHYH

BhIMH «rrYTerrpoBo,naMH», B .upyrttx cnyqa.six - HeycTOHlJHBhIMH. HanpttMep, 

HeycTOHlJJ1Bbie TpaeKTOpttH pa3BHTH.!I o6pa3yIOT: cne.u MOJIHHH B aTMOccpepe, 

KOTOph!H 3aT.sirttBaeTC.!I HeHOHH3ttpOBaHHb!M B03.UYXOM, J1JIJ1 rrepKOJI.!IUH.!I, 06pa-

3yeMa.sI uerrOlJKOH BO.UOPO.UHhIX CB.!13eì1 Me)!(.uy MOJieKyJiaMH BO.Uhi, KOTOpa.si 

cnoco6Ha e)!(eMOMeHTHO OXBaTHTh BeCh MttpOBOH OKeaH, HO npH 3TOM Heyc

TOHlJHBa. CeTh tteycTOHlJttBhIX nepKon.siuttì1 cToxacTHIJHa H tterrpephrntto MeH.si

eTc.si, a IlOTOMY He MO)l(eT CJI)')KHTb TpaeKToptteì1 .un.si nepe.uaIJtt HHQJOpMaUHJ1 

J1JIJ1 ycTOHlJJ1BOro p a3BHTH.!I CHCTeMhl. YcTOHYHBbie rrepKOJI.!IUJ1H COCTaBJI.!IIOT 

TPaeKTopttIO 3BOJIIOUHtt Btt.Ua ttJitt coo6mecrna. 

,IJ,BH>Kyw.ei1 rnnoi1 3BOJIIOU,HH, «HarHeTalO W.HM HaCOCOM», cny>KHT pacnpe.ueneH

Has:t aKTHBHas:t cpe.ua. COCTaBneHHas:t M03aHKOH 6HOU,eH0308. B OTJIH4He OT nac

CHBHOH cpeAbl, B KOTOpoi1 B03MO>KHbl MaJible cpnyKryau,HH, aKTHBHas:t cpe.ua cno

co6Ha cpopMttposaTb peryns:tpHble B npocrpaHcrne H speMeHH rnraHTCKHe 

cpnyKTyau,ttH, no.uo6Ho npory6epaHu,aM Ha ConHu,e. B u,enoM aKrnBHas:t cpe.ua 

C03AaeT cppOHTaJibHOe «AaBJieHHe ecTeCTBeHHOfO OT60pa». ( 3THMI1 rnraHTCKH

MH cpnyKryau,tts:tMH KaK pa3 H «pa6oraeT» BHeWHHi1 nacrnBHblH cpttnbTp ecrecr

seHHoro OT6opa, n03BOJis:tlOW.Hi1 BblHTH .uaHHOH BeTBH 3BOJIIOU,HI1 Ha YCTOH4H

BYIO rpaeKTOPHIO pa3sttrns:t H 3aKpenttTbes:t Ha Hei1. 

B .UHCCHilaTHBHh!X CJ1CTeMax, K KOTOphIM OTHOC.!ITC.!I aKTHBHhJe cpe,Ubl, 

rrpOHCXO.UHT .uerpa.uautt.si CB060.UHOH 3HeprHJ1 (B lJaCTHOCTJ1, XHMJ1lJeCKOH 3Hep

rntt) e o6pa30BaHHeM .UHCCHITaTJ1BHhIX aBTOBOJIHOBh!X CTpyKTyp . «I>enoycos

CKYIO» aKTHBHYIO cpe.uy MO)l(HO npe.uCTaBHTh B O.UHOM cnyIJae KaK roMoreHHOe 

aBTOKaTaJittTHIJecKoe npOCTPaHCTBO. B .upyroM cnyqae - KaK xaoTHYeCKHtt Ha-

6op KOHelJHOpa3Mepttb!X itJparMeHTOB, B Ka)l(,UOM J13 KOTOphIX .uaHHa.sI nepHO.UJ1-

lJeCKa.sI peaKutt.si HaxonttTc.si B cnyqaì1Hoì1 cpa3e UHKJJa. B TpeTheM cnyqae MhI 

HMeeM .ueno e KOHUeHTpHIJeCKH pacnpoCTpaH.sIIOU(J1MJ1C.!I OT BO,UHTeJI.sI pttTMa 

aBTOBOJIHaMH. KaK MhI )')Ke roBopttntt, Hatt6onee IJacTo pa6oTammttì1 neiicMe

Kep IlOCTerreHHO 3axBaTJ1T Bee peaKUHOHHOe rrpocTpaHCTBO, «rroe.ua.si» CBOJ1X 

6onee Me,UJIJ1TeJihHh!X coce.ueii . .[(aHHhIH BH.U KOHKypeHUHJ1 .!IBHO .ueMOHCTpttpy

eT KpHTepttì1 OT6opa: rrpocTpaHCTBO 3aXBaThIBaeT CJ1CTeMa, 6onee 3QJIÌJeKTHBHO 
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npeo6pa3)'IO!Ua51 cso6o.nttyro 3Heprnro . Kom.1eHTp11qecK11e c11cTeMbl cnoco6Hbl 
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ycTOl1'll1BO cymecTBOBaTb 11.l]l1 B IlO'lTl1 11.11,eaJibHOM IlJIOCKOM Xl1MH'IeCKOM peaK-

Tope, 11JIH B KOMfibl{)TepHbIX MO.D,eJI5IX. B peaJibHbIX Cl1CTeMax, npH HaJil1'lHl1 JIO

KaJibHbIX Heo.11,ttopo.11,HOCTeH, cppOHT fiJIOCKl1X asTOBOJIH ( cpparMeHTOB KpyrOBbIX) 

MO)l(eT pa3pbIBaTbC51 e o6pmosaHHeM Jiesoii H npasoii (L, D) cn11paJibHbIX asTO

BOJIHOBbIX CTPYKTYP, KOTOpb1e 3aKpy'msalOTC51 11 «HaMaTbrnaroTC51» so BCTPe'l

HbIX ttanpasJiett115Ix, - 3TO L!eTsepTbIH cJiyqaii. B Ka'lecT11se Heo.nttopo.nttocTeii 

MOrYT BblCTYfiaTb: MexaH11L1eCK11e BKJil{)'leHl151, JIOKaJibHble rpa.11,11eHTbl pH, 110H

HOH Cl1Jlbl, TeMnepaTYPbI 11Jll1 COCTasa caMOH peaKU110HHOH CMec11. 

Ba>t<Hei:iwei:i oco6eHHOCTblO CMeHbl Cl'1MMeTp1'1H aBTOBOnH OT KOaKrnanbHOH K 

cn11panbHOH s:isns:ieTCs:I nepeXOA K npe.nenbHO nnoTHOH ynaKOBKe BHTKOB pe

sep6eparopos, onpeAens:ieMOH HCKnl04HTenbHO csoi:icTBaMH cpeAbl. CooTBeTcT

syiow,as:i ynaKOBKe MHHHManbHO B03MO>KHas:I AnHHa aBTOBOnHbl B l..\eHTpanbHO

CHMMeTp1'14HOH rncreMe MO>KeT AOCrnraTbCs:I HCKnl04HTenbHO npH B03HHKHOBe

HHH e onpeAeneHHOH 4aCTOTOH c!JYHKl..\HOHHpyiow.ero neHCMeKepa. npH MeHb

weH Yacrnre sonHbl 6YAYT pa3pe>KeHHblMH, a npH 6onbwei:i - xaorn4eCKHMl'1, 

H3-3a BblnaAeHHs:I 4acrn BOnH scneACTBHe HeCOOTBeTCTBHs:I xapaKTepHOMY pec!J

paKTepHOMY speMeHH. Cn11panb >Ke, 113 scex nepe4HcneHHblX cnyYaes, 6b1crpee 

scex «Bbl4epnb1saeT» pecypc cso60AHOH 3HeprnH AaHHOH pacnpeAeneHHOH 

rncTeMbl. Bo scex cny4as:1x MoneKyns:ipHblH XHMH3M nepHOA1'14eCKOH XHMH4e

CKOH peaKl..\HH OAHHaKOB, OAHaKO nep1'10A l..\HKna (CKOpOCTb peaKl..\H1'1) MO>KeT 

MOAynHposaTbCs:I HaAMOneKyns:ipHOH npocrpaHCTBeHHOH opraHH3al..\HeH npo-

1..\eCca. 1113 3TOro paccy>KAeHl'1s:I, B np1'1Hl..\Hne, MO>KHO 3aKnl04HTb, 4TO nepeXOA OT 

axHpanbHOH K XHpanbHOH rncTeMe o6beKTHBHO o6ycnosneH «CTpeMneHHeM» 

rncTeM K o6peTeHHIO MaKrnManbHO 3c!Jc!JeKrnBHOro pe>KHMa A1'1CCl'1nal..\HH. 

)J,o Cl-IX nop Mb! rosop11Jil1 o x11paIIbHOH np11po.ue 6110MOJieKyJI KaK o BTO

p11L!HOM 5IBJieHl111, B03H11KWeM BCJie.D,CTBl1e «BbI6opa» Ilp11po.noii B Ka'leCTBe 

«6a30BOro 3JieMeHTa» yrnepo.ua, KOTOpblH B c1rny CB011X Xl1M11'leCKl1X CBOHCTB 

06ecneq11JI HeorpaHH'IeHHOe «6oraTCTBO» B03MO)l(H0CTeH o6pa30BbIBaTb pa3-

H006pa3tteiiw11e MOJieKym1pHb1e KOHCTpyKu1111. A x11panbHbIH .nyaJil13M - ace

ro Jil1Wb «113.D,ep)J(Kl1 np0113BO.ll,CTBa», KOTOpbie )1(11BOH np11po.ue Ha nyTl1 380-

Jli{)l.11111 np11XO,lll1JIOCb npeo.uoJiesaTb e nOMO!Ubi{) BCeB03MO)J(HbIX 6110Xl1Ml1'le

CKl1X yJiosoK, cpopM11py51 «x11paJibHyro 'll1CTOTY 611occpepbI». 3rn MbI TaK 

.nyMaJil1 o Ilp11po.ue. BnoJIHe B03MO)J(H0, LITO OHa My.11,pee, 11 nepB11'lHOH 3BOJil{)

U110HHOH noTpe6HOCTbl{), Bb151811BWeHC51 B xo.ne npe.u611onorH'leCKOro 11 Ha

qaJibHOro 6110JIOrtt'leCKoro OT6opa, 6brna «IlOTPe6HOCTb)) B 611cpyHKUl10HaJib

HOCTl1 .ll,JI51 3BOJil{)U1111, 11CXO,llHOe Cl1CTeMHOe CTpeMJieH11e K pa3Bl1T111{) OTKpbl

TblX HeJIHHeHHbIX Cl1CTeM qepe3 611cpypKaU1111. C CaMOro Ha'laJia! 3TO yrnepO,ll 

CMOr «Y.llOBJieTBOp11Tb)) 3BOJIIOUHOHHbie noTpe6HOCTl1 IIp11pO.ll,bl B pau110HaJib

HOH L/D- cpyttKu11ottaJibHOCT11 e nocne.nyromeì1 cneu11aJI113au11eii 1130Mepos B 

CTPYKTYPHOH 11 perymnopHOH p0JI5IX . no cymecrny, qepe3 np11ttu11n x11paJib

HOCTH Mb! pa3Bl1BaeM 0.11,HO 113 caMbIX 06m11x 11 .npeBHl1X cp11JiococpcK11x npe.n

CTaBJieHHH OTHOCl1TeJibHO cocymecTBOBaHl151 .usyx He TO)J(,lleCTBeHHbIX .npyr 



5.3. 3BOntOUHH 6Hoccpepb1. 3aKOHOMepHOCTH H MexaHH3Mbl 481 

.upyry npHHUHTIOB, o6pa30B MhJcneì1, MHpOB033peHHM, )!(H3HeycTPeMneHHH 

H TOMy no.uo6HhlX nap Q6beKToB: MHp H.lleM H MHp .ueMCTBHTenhHOCTH (Ilna
TOH), fior H .llhllBOn, Eor H MHp, .uyx H MaTep1-rn, npHpo.ua H .uyx, .uyrna H Teno, 

MhilllneHHe H npOTJl)!(eHHOCTh (,11.eKapT), peanhHhlM H B03MO)!(Hh!H MHphl 

(r. B. Jleli6unu), HOYMeHanhHOe H <PettoMeHanhHoe (H. KauT), tteopraHHqe

CKall H opraHH'leCKall npHpo.ua, cy6beKT H o6beKT, qysCTBeHHOe n03HaHHe H 

pa3YM, sepa H 3HaHHe, MHp 3eMHOH H MHp noTyCTOpOHHHM, He06XO.llHMOCTh H 

CB06o.ua, KOpnycKynllpHO-BOJIHOBOH .llYaJIH3M H T . .u. 

Y6e.UHTeJihHhIM .llllll ttac npocThIM eCTeCTBeHHO-HayqHhIM npHMepoM Ha 

:ny TeMy JIBJIJleTCJI <<pa3BaJI» nJIOCKOM (KOHUeH'fPH'IeCKOM) 6enoycoBCKOH aBTO

BOJIHhl, HaKaThIBaIOJUeHCJI Ha HeO.llHOpO.llHOCTh, Ha .use cnttpan11 - npaByIO H 

nesyIO. Cn11panhHhie aBTOBOJIHhI 6onee ycToì1qHBhI, nocKOJihKY MaKCHManhHO 

3<P<PeKTHBHO, no cpaBHeHHIO e KOHUeHTpHqecKHMH, BhJ6HpaIOT, Bhipa6aThIBaIOT 

3HepreTH'leCKHM pecypc cpe.UhI, no.ll)lep)!(HBall CBOIO CTPYKTYPY· Boo6me )!(e 

fOBOpll, B3fJlll.ll Ha aBTOBOJIHOBOe none KOHUeHTpHqecKHX 6enoycoBCKHX aBTO

BOJIH Bhl3hIBaeT MhlCJlh o TOM, qTo BO BceneHHOH MHOfO neì1cMeKepoB - BO

.llHTene}i p11TMa - H orroro sen11Ka sepol!THOCTh no.uo6ttoro 3eMHOMY uaqana 

)l{H3HH. 06ll.{HX no np11Hu11naM <iJopMHpOBaHHll H, qTO y)!(e He TaK sepOllTHO, 

0.llHHaKOBhlX no ee ()l{H3HH) MOJieKyJillpHhlM HOCHTeJillM. 

B pa3s11n1e np11BeAeHHoro coo6pa>KeHHH MO>KHO BblCKa3aTb 11 ell\e OAHO: <<npo

rpeccHBHblM » 3TanoM 6HOJ10rH4eCKOH 3BOJ1IOUHH MO>KHO C4HTaTb He TOJlbKO 

CJleAOBaHHe no nyrn, COOTBeTCTBYIOLl\eMy HeKOTOpoì1 BHpTyallbHOH TpaeKTOpHvt 

YCTOÌ14HBOro CTau110HapHOro pa3BvtTl1H, HO noTeHuvtaflbHO vt e He06XOAHMOCTbfO 

HeCyll\eH B ce6e B03MO>KHOCTb BblXOAa Ha 611cpypKaUHOHHOe nepeKlll04eHHe. 

TorJJ,a sernb pa3s11rnsi He 6yJJ,eT TynHKOBoì1, a 6yJJ,eT nporpecrnsHoì1 6e3o srn-

4eCKHX TeJleOJ10rH4eCKvtX yapeMJleHvtì1 . 

C'IHTaeM YMeCTHhIM npHBeCTH o6umpHyIO UHTaTy H3 peqH npo<iJeccopa 

MocKOBCKoro yHHBepcttTeTa H. A. YMoBa <«l>H3HKO-MexaH11qecKaJ1 Mo.uenh 

)!(HBOM MaTepHH» ( 190 I r.): « ... OCTaHOBHMCll Ha HOBeì11I1eM onpe.ueneHHH )!(H

BOM MaTep1111, .uaHHOM <lJH3HKO-XHMHKOM Ocsanh.llOM. )l{HBall MaTepHll ecTh ca

MocoxpaHl!IOil.\HHCll H caMOCHa6)!(aJOll.{HHCJI oqar CTauHOHapHblX HnH ycTaHO

BHBlllHXCR npespameHHM 3HeprnH . )1{11sy10 MaTepHIO MO)!(HO yno.uo6HTh ropll

me}i naMne, KOTopall caMa .uo6hrnaeT C)!(HraeMoe Macno» [I 09] . 
l1cnonh3Yll <iJ113ttqecKHe TepMHHhI 11 o6pa3hl, MhI nhITaeMcll YllCHHTh .LJ.nll 

ce6JI H .LJ.Jlll q11TaTeneì1 HeKOTOphle nOHJITHll TeOpHH 3BOJIIOUHH, 4pe3Bhl'JaHHO 

«pa3Mh!Thle» MHO)!(eCTBOM anonoreTOB H KpHTHKOB .LJ.apBHHOBCKOH TeopHH. ro

BOpll 06 aKTHBHOM cepe.ue («ropllIUeM naMne») KaK .llBHraTene 3BOnIOUHH, Mhl 

no.upa3YMeBaeT, 'ITO .llBH)!(Yll.lall CHna 3BOnIOuHH, HCXO.llHO noqepnHyTall H3 

3HeprnH Conttua, npe.ucrnsnl!eT co6oli pecypc, pacnpe.ueneHHhIH no nonynllUH

llM, 6HoueH03aM H 6Hocipepe B uenoM. KaK H B <iJ113HqecKHx cwcTeMax, 6Ho

c<1Jepa no.uo6tto MalllHHe HcnoJih3yeT 3TOT pecypc, npeo6pa3yll ero B 3BOnIOUH

OHHOe .LJ.BH)!(eHHe. 0.uHaKO, KaK H B <iJH3HqeCKHX MalllHHax, Ò6U2ame.nb, C03.llaBal! 

.LJ.BH)!(eHHe, He npH.UaeT eMy .uon)!(HOro Hanpasnettm1. HanpasneHHoe .llBH)!(eHHe 
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no BhILJ.eJieHHhIM crenem1.M cso60LJ.hI B Mmmrne C03)J.aer LJ.BH)f(HTeJib. TaK, B napo

B03e naposoif LJ.BHraTeJib COJLJ.aeT MexattwqecKoe LJ.BH)f(eHHe H nepe)J.aeT Ha wa

ryttHO-KpHBOWHIIHhIH MexaHH3M, KOTOphIH H ycTPeMllileT spama10mwecH Koneca 

B H~HOM HanpasneHHH. A )f(eJie3HOLl.OpO)f(HhJe CTPeJIKH HBJIHIOT co6oif Te caMhie 

6mpypKaUHH, KOTOpble Heo6paTHMO onpe)J.eJUIIOT )J,aJibHeHWHH IIYTb . .Ullil BH)J.a -

:no BhIXOLI. Ha ycTOifqHBYJO HJIH HeycTOH'lHBYJO TpaeKTOpHIO pa3BHTHH. Bowcrntty, 

<«PH3HKO-MexaHH'leCKaH MOLJ.eJib )f(HBOH MaTepHH ecTh cmpoi:mocmb» [I 09] . 
K Ba)f(HeifwHM 6wonorwqecKHM MexaHH3MaM 3BOJIIOUHH 6woccpepb1 KaK 

aKTHBHOH cpeLl.bl CJie)J,yeT OTHeCTH qeTblpe COCTaBHbie qacTH: ecTeCTBeHHb!H 

oT6op, sepTHKaJihHhIH nepettoc reHOB (3aKpenneHHe reHen1qecKoro MaTepwana 

B IIOKOJieHHHX), reHeTHqecKHH LJ.peiicp HJIH ropH30HTaJ1bHb!H (naTepaJibHblH) 

nepeHOC reHOB, )J,HBepreHUHIO H KOHBepreHUHIO - BeKTOpbl 6HOJ10rH'leCKOH 

3BOJIIOUHH (CM. pHC. 5.18). 

I. EcmecmeeHHbIU om6op. 
KaK cqHTaeT Haw H3BeCTHblH MHKp06HOJIOr aKa)J,eMHK r. A. 3aBap3HH, yc

ToH:qwsoe cymecTBOBaHHe 6woccpepbl B03MO)f(H0 TOJibKO npH ycJIOBHH OTHOCH

TeJibHOH 3aMKHYTOCTH 6HoreoxHMHqecKHX UHKJIOB Ha ypOBHe OT)J,eJibHb!X 6wo

ueH030B H 6woccpepbI s uenoM. B npoTHBHOM cnyqae )f(HBhie cymecTsa 6brCTpo 

H3paCXOLl.YJOT sce pecypCbl HJIH OTpaBHTC51 npoLJ.YKTaMH co6cTBeHHOH )f(H3He)J,eH

TeJibHOCTH. 3aMKHYTOCTb UHKJIOB MO)f(eT 6hITb o6ecne'leHa TOJlbKO coo6mecTBOM 

H3 HeCKOJlbKHX pa3Hb!X BH)J.OB MHKpoopraHH3MOB, pa3LJ.eJIHBWHX Me)f()J,y co6oH: 

6woreoxHMH'leCKHe cl>YHKUHH B TPOcl>wqecKHx uenHx. 11pw 3TOM cneLJ.yeT yqHThI

BaTh, 'lTO opraHH3M, cnoco6Hh!H B OLl.HHO'lKY 3aMKHYTb KpyrosopOT, CTOJlb )!(e He

B03MO)f(eH, KaK H Be'lHbIH )J,BHraTeJib. (11peKpaCHb!H o6pa3!) l1o3TOMY 061IJHM 

npeLJ.KOM BH)J,a CJie)J,yeT C'lHTaTb He caM BH)J,, a IIOJIHMopcpHoe coo6mecTBO, B KO

TOpOM npoHCXO)J.HJI aKTHBHblH o6MeH HacJie)J,CTBeHHblM MaTepHaJIOM Me)f()J,y op

raHH3MaMH. DH0pa3H006pa3He, CHM6H03, pa3)J,eJieHHe cl>YHKUHH, HHcl>opMaUHOH

HblH o6MeH - H3HaqaJibHb!e CBOHCTBa 3eMHOH )!(HJHH. l103TOMY sapwa6eJibHOCTb 

oco6eH: BHYTPH nonyJIHUHH H O)J.HOBpeMeHHO ee OTHOCHTeJibHaH H30JIHpoBaH

HOCTb L1.ena10T nonylli!UHIO 6a30BhIM 3BeHOM npouecca ecTecTBeHHoro oT6opa. 

B cospeMeHHOM 3HUHKJIOIIe)J,HqecKOM CJIOBape, KaK H B Te'leHHe MHOrHX 

LJ.eCHTHJieTHtt, ecmecmeeHHbIM om6opoM Ha3bIBaeTCH «npouecc BhI)f(HBaHHH H 

BOCIIpOH3Be):leHHH opraHH3MOB, HaH6onee npwcnoco6JieHHhlX K ycJIOBHHM cpe

)J,hl, H rw6eJIH B XO):le 3BOJIIOUHH Henpwcnoco6JieHHblX. EcTeCTBeHHblH OT6op -

CJie)J.CTBHe 6opb6bI 3a CYIIIeCTBOBaHHe; o6ycJIOBJIHBaeT OTHOCHTeJibHYIO uene

coo6pa3HOCTb CTPOeHHH H cl>YHKUHH opraHH3Mos; TBOp'lecKaH ponh ecTecTBeH

Horo OT6opa Bb!pa)f(aeTC.H B npeo6pa30BaHHH nonyJI.HUHH, npHBO)J,HIIJeM K IIO.HB

JieHHIO HOBblX BH)J.OB. EcTeCTBeHHbIH OT6op KaK OCHOBHOH )J,BH)f(YIIJHH ct>aKTop 

HCTOpwqecKoro pa3BHTHH )f(HBOH npHpOLl.bl OTKpb!T ll . .IJ:apBHHOM» [I IO] . 
MbICJlb o TOM, 'lTO BH)J,bl MoryT H3MeH.HTbCH IIO)J, )J,ettCTBHeM OT6opa, HeO)J,

HOKpaTHO Bb!CKa3b!BaJIH pa3Hble yqeHbie, Ha'lHHaH e aHTHqHb!X speMeH, HO nep

Bhle npe)J.CTaBJieHHH O eCTeCTBeHHOM oTfiope KaK )J,BH)!(YIIJeH CHJie 3BOJIIOUHH 

6woccpepbI CJIO)f(HJIHCb B XIX B. Cttaqana HLJ.eIO OT6opa B XOLJ.e KOHKypeHTHOH 
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6oph6hI B Ha'laJie XIX B. He3aBHCHMO BhIJIBHHYJIH Y. Y:mJic, Il. M3Thl0 H 

3. MHT, 0,l::(HaKo WHpOKOe rrpH3Ham-1e KOHUerrum1 ecTeCTBeHHOro OT6opa ITOJiy

'lHJia B pa6orax ll. )J,apBHHa H A. YoJIJieca ( 1858), H B oco6eHHOCTH rrocJie BhI

XOJia B CBeT B 1859 r. KHHrH )J,apBHHa «IlpOHCXO)!{)JeHHe BH)JOB». CMhICJI H)JeM 

COCTOMT B CJie)Jy10meM: ,nJijJ <f>opMttpOBaHHH yJia4HhlX KOM6MHaUMH rrpttpo,lie 

)JOCTaTO'lHO )JeHCTBOBaTh HayraJI, C03)JaBaH WHpOKHH cneKrp pa3HOo6pa3HhIX 

<f>opM, H3 KOTOphlX Bhl)!{HBa!OT Hatt6oJiee rrpttcrroco6JieHHhie; H3MeHeHHj{ )JOJI)!(

HhI rrpoHCXO)JHTh O'leHh ITJiaBHO, a crreKTp H3MeH'IHBOCTH HerrpephIBeH. 

B HatJaJie XX B. pacrrpocTpaHttJiach TeopttH «MexaHHtJecKoro cttTa» 

r. i:.e <l>pu3a (1903), cornacHO KOTOpOH ecTeCTBeHHhlH OT6op JIHWh coprnpyeT 

~e HMeIOIUHeCjJ BapttaHThl. 0)JHaKO B 60JihlliHHCTBe CJiytJaeB OT6op He rrpOCTO 

HCITOJlh3yeT ~e rOTOBhie BapttaHThI rrpH3HaKOB (rrpea)JaITTauHj{), a C03)JaeT ycJIO

BHjJ )IM ITOHBJieHHH HOBhlX rrpH3HaKOB (rrocTa)JaITTaUHjJ). EcJIH Mhl roBOpHM o 

rrpe,na,nanTaUHH opraHH3MOB I rpynrr opraHH3MOB, TO OCBOeHHe HMl1 KatJeCTBeHHO 

HOBOH cpe,Uhl o6HTaHHj{ B03M0)!{H0 JIHWh rrpH HaJIH4HH oco6eHHOCTeH, KOTOphie 

MOrJIH B03Hl1KHYTh TOJihKO B rrpe)!{HeH cpe,lie, 11 IT03BOMIOT Bhl)!(HTh B HOBhlX yc

JIOBHjJX. H. H. llIMaJibrapeu rrptt pa3pa6oTKe Teop11tt ecTecTBeHHOro OT6opa 

60JihWOe BHHMaHHe y,neJijJJI JIH<f><f>epeHUHaJihHOH CMepTHOCTH BCJie)ICTBHe 3JIH

MHHaUHH - rtt6eJIH OT)IeJihHhlX oco6eH HJIH rpynrr opraHH3MOB (rrorryMUHH, BH

)IOB) B pe3yJihTaTe pa31IH'IHhlX ecTeCTBeHHhlX rrpH'IHH (cJie,nyeT YtJHThIBaTh, 4TO 

o6ruM HJTH He3aBHCHMM 3JIHMirnauHj{ MO)!(eT He rrpHBO)Il1Th K OT6opy). Tor,na KaK 

)VK. reKCJIH (1942) pa31IH'laJI )!Ba THITa oroopa - ,lIH<f><f>epeHUHaJihHOe Bhl)!{HBa

HHe H Jitt<f><f>epeHUHaJihHOe pa3MHO)!{eHtte, H 3Ta TeH)JeHUHjJ HMeeT CTOpOHHHKOB H 

B Hawe BpeMjJ (HarrpHMep, <DyryttMa, 3. IlttaHKa). 0TMeTHM, 'lTO rro,no6HhJe y3-

KHe crreUHaJIH3aum1 He YtJHThJBaIOT, 4TO pa3MHO)!{eHHe H nepe,na4a reHOB ITOCJie

,UYJOIUHM ITOKOJieHHj{M - pa3Hhie, HO COBMeCTHO w,nymwe npoueCChl. B 1958 r . 

H. Jlepuep rrp11rueJI K Bh!BO)Iy, 'ITO oroop eCTh ,n11<f><f>epeHUHaJihHOe BOCrrpOM3Be

)JeH11e reHOTHITOB, a ero rrocne,noBaTeJIM YT04H11Jil1 H pacw11p11JI11 3TO rroHjJTHe. 

Eme so speMeHa ocsoeHHj{ rrepao6hITHhIMH JIIO)IhMH )!{l13HeHHoro rrpo

crpaHCTBa Ha'laJICH rrpouecc wcryccTBeHHOro oT6opa. B HeoJittTe, Ha ocHoBe tJac

TM'IHO ecTeCTBeHHOro, a 'laCTH'IHO MCKYCCTBeHHOro OT6opa c<f>opMttpOBaJiaCh 6a-

3a COBpeMeHHOro Bl1)IOBOro COCTaBa KYJihTypHhlX pacTeHHH (HarrpHMep, 6onee 

4 ThIC. copTOB rrrueHMUhl rrpOM30IllJIH scero OT JIByx )IHKHX rrpe,UKOB - O)JH03ep

Hj{HKH H 3HMepa). B Esporre eme 2-3 Ture. JieT HaJaJI 6hrna npttpYtJeHa Me)JOHOC

HM rr'leJia - o,nHo H3 HeMHornx o,noMaruHeHHhIX HaceKOMhIX. K cepe,n11He XIX B. 

HaC'lHThIBaJIOCh HeCKOJihKO COTeH nopo,n KpYITHOro poraToro CKOTa, KOTOphie npo-

1130IllJIH OT HeCKOJihKHX BM)IOB )Il1KHX )!{MBOTHhIX. Bee nepe4HCJieHH&Ie rrpttMephI -

pe3yJihTaT ueJieHanpaBJieHHOH )IeHTeJihHOCTH 4eJIOBeKa, KOTopy10 4. )J,apBHH H 

Ha3BaJI HCKYCCTBeHHhIM oroopoM H onpe,neJIHJI ycJIOBHj{ ITOBhJWeHMjJ 3<f><f>eKTHB

HOCTH HCKYCCTBeHHOro OT6opa KaK Bh!COKYJO CTerreHh l13MeH'll1BOCTH opraHH3-

MOB, 60JihlliYJO 'IHCJieHHOCTh H H30MUHIO ITO)IBepraeMhlX OT6opy oco6eH. 

0,nHMM H3 cTOJIITOB TeopttH HcKyccTBeHHoro oT6opa ctJttTaeTcjJ H. H. Ba
BHJIOB. Ero y'leHHe o ueHrpax rrpowcxo)!{,neHHH KYJihTypHhIX pacTeH11H c<f>op

MttposaJioch Ha OCHOBe 11,neH 4. )J,aps1rna o cymecTBOBaHHH reorpa<f>tttJecK11x 
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ueHTJJOB rrpOHCXO)!(AeHHll 6HOJIOfH1-leCKHX BHAOB. ECJIH paHee C'IHTaJIOCb, 'ITO 

OCHOBHblMH O'laraMH apeBHHX 3eMJieAeJib'leCKHX KYJibryp llBJIJllOTCll AOJIHHbI 

peK THrpa, Eecpparn, faHra, HHna H apyrnx KpyrrHhlX peK, TO BaBHJIOB rr0Ka-

3an, 'ITO IIO'ITH Bee KYJihTYPHbie pacTeHHll IIOllBHJIHCb B ropHbIX pai1oHax TJJO

IIHKOB, cy6TJ)OIIHKOB H YMepeHHOfO II05!Ca H BbJAemrn 7 OCHOBHbIX reorpacjm

qecKHX ueHTpoe rrpoHCXO)!(AeHHll KYJibTypHbIX paCTeHHH. TeopHll rrpoHcXO)!(

Aemrn KYJihTYPHhIX pacTeHHH cuerrneHa e yqeHtteM Baeunoea 06 HMMYHHTeTe 

pacTeHHH, IIOJIO)!(HBIIIHM Ha'laJIO H3yqeHHIO reHeTH'leCKOH rrpHpOAbI HMMyttH

TeTa. CornacHo 3TOH Teoptttt, ecnH B pe3yJibTaTe 3BOJIIOUHH pacTeHmr rrptto6-

peTalOT ycTOH'IHBOCTb K rraTorettaM, TO H rraToreHbl, B CBOIO oqepeAb, rrp1106-

peTalOT crroco6ttocTb rropa>KaTb ycTOH'IHBbJe coprn B pe3yJihTaTe rn6pttAH3a

u1111, MYTaUHH HJIH reTepoKap110311ca (pa3HOJ1AepHOCTH) H apyrnx rrpoueccos, 

T. e. B pe3yJihTaTe cpopMHpOBaHHll HOBbIX BHAOB [ 111] . 
IlittpOKO rrpttMeHJleMoe B HCKyCCTBeHHOM OT6ope IIOHllTHe <<rOMOJIOfH'leCKHX 

pllAOB» B ttacneacTBeHHOH H3MeH'IHBOCTH 6brno eeeaeHo H . 11. BaBHJIOBbIM e xoae 

HCCJieAOBaHHJI rrapaJIJieJIH3MOB B JIBJieHHllX ttacJieACTBeHHOH H3MeH'IHBOCTH IIO 

aHanorHH e roMonorH'!eCKHMH pllAaMH opratttt'leCKHX coeAHHeHHH. ITepBall 

(1920) cpopMyn11pOBKa 3aKOHa BKJIIO'laJia B ce65! TJJH 3aKOHOMepHOCTH [111]: 

• TO)!(AeCTBO PllAOB MOpcpOJIOfH'!eCKHX H cp113HOJIOfH'leCKHX CBOHCTB, xa

paKTepH3YIOIUHX pa3HOBHAHOCTH H paCbl y 6JIH3KHX reHeTH'!eCKHX JIHH

HeOHOB - COBOKYIIHOCTH pOACTBeHHbIX cpopM IIOJIHMOpcpttoro 6HOJIOfH

qecKOfO BHAa; 

• rrapanneJIH3M pllAOB BHAOBOH reHOTHIIH'!eCKOH H3MeH'!HBOCTH (tieM 6n11-

)!(e retteTH'leCKH BHAbl, TeM pe3qe H TO'!Hee npOllBJilleTCll TO~eCTBO pll

AOB MOpcpOJIOrH'leCKHX H cptt3HOJIOrH'!eCKHX npH3HaKoe); 

• retteTH'leCKH 6JIH3Ktte TaKCOHbI npollBJilllOT TO)!(AeCTBa B pllaax reHOT11-

rr11qecKOH 113MeH'IHBOCTH. 

« ... EcTeCTBeHHbIH OT6op BbJ6HpaeT JiyqIIIee 113 cymeCTBYIOJUHX AOCTYIIHbIX 

aJibTepHaTHB. ITpHpoaa tte o6naaaeT aapoM rrpeasuaettttll , 'IT06h1 coeAHHHTb no

cneaosaTeJihHOCTb MYTaUHH, KOTOpbie MOfYT npH'IHHllTb BpeMeHHb!e Heyao6CTBa, 

HO BbIBOAllT JIHHHIO pa3BHTHll Ha aopory K OKOH'!aTeJibHOMY rno6aJibHOMY npe

BOCXOACTBy. Otta He MO)!(eT B03Aep)!(aTbCll OT oao6peHHll CJierKa BblfOAHbIX AOC

TYIIHbIX MYTauttH cefiqac, 'IT06h1 ocTaBHTb npocTPaHcTBo aJill rrpe0ocxoaJ1m11x 

MYTaUHH, KOTOpbie MOfYT IIOllBHTbCll II03)!(e. KaK H peKa, ecTeCTBeHHblH OT6op 

BCJieIIYIO MeJIHOpH3HpyeT CBOH IIYTb BHH3 ycneIIIHblMH JIHHHJIMH HMeHHO cefiqac 

AOCTYIIHOro flYTH HaHMeHbIIIero conpoTttBJieHttll .•. JlyqIIIttM npoeKToM 6y.neT 

TOT, KOTOpb!H YAOBJieTBOplleT (!) KpHTepH!O cpyttKUHOHaJibHOCTH rrpH MHHHMaJib

HOH CTOHMOCTH» (80]. l1Hb!MH CJIOBaMH, ecTeCTBeHHb!H OT6op npeACTaBJilleT co-

6oil 6ttOJIOrH'leCKY!O OIITHMH3aUHIO CTJJYKTYPbl H cpyttKUHH opraHH3MOB Ha IIYTH 

BpeMeHHblX KOMIIpOMHCCOB Me~y He06XOAHMOCTblO H 3aTJ)aTaMH. 

B pe3y11brare eaecrneHHoro or6opa 30011io1..1110H11pyer reHornn, rnrAa KaK cpe

Hornn SIBJlS!eTrn Ml1WeHblO B03Aei:1CTBl1Sl BHyrpeHHl1X 11 BHeWH11X cpaKTOpOB, 
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BHyrpHBHAOBblX 11 Me>KBHAOBblX KOHKypeHTHblX 11 CHM6HOTl14eCKHX B3aHMO

AeHCTBHH. 06pa3yeMblH ct>eHornnoM H reHornnOM l..lHKfl COCTaBn>ieT KOne6a

renbHYIO rncreMy, KOTOpa>i crpeM11rrn K ycroì14HBOMY anpaKropy, a Heycror:14H

Bbre rpaeKTOp1111 orct>11nbrposb1Bat0rc>1 ecrecrseHHblM or6opoM B xoAe nporpec

CHBHOH 3BOnlOl..ll1H BHAa. 

CymecTsyJOm11e Teop1111 ecTecTBeHHaro aT6opa, KaK npas11no, nenaJOT 

aKueHT Ha O,UHOM 113 nsyx 3JleMeHTOB paccMaTp1rnaeMoro U11KJia. ITonbITaeMCH 

paCCMOTpeTb Tl1nbl OT6opa e TO'IKl1 3peHl1H B3al1MOCBH311 reHOT11na 11 cpeHOT11na 

KaK 3BOJIJOU110HHOÌ1 CTpaTer1111 OT6opa. 

Tunbz om6opa. 
0T6op MO)KeT npoHBJIHTbCH Ha scex ypoBHHX 11epapx11qeCKoì1 CTPYKTYPbI 

)f(l1BOro M11pa: reHOTl1n - opraHl13M - TaKCOHbl. «11 Ha JIJ060M ypOBHe caMO

socnpo113BO,UHII(aHCH nonyJIHU11H, ecn11 oHa o6nanaeT reHeT11qecKoì1 113MeH'!l1-

socTbJO, cnoco6Ha npeTepneBaTb Cl1CTeMaT11'1eCK11e 113MeHeHl1H OTHOCl1TeJibHbIX 

'!aCTOT COCTaBJIHJ011(11X ee aJibTepHaTl1BHblX Tl1nOB» - nmneT fpaHT ( 49). 
B HacTosimee speMsi Bb1neneHo oKono nsyx necsiTKOB T11nos ecTeCTBeHHo

ro OT6opa. C. C. lllsapu yrnep)Knan, 'ITO «Bee .. . cpopMbI oT6opa orn11qaJOTCH 

.l(pyr OT .l(pyra no pe3yJibTaTaM, a He no xapaKTepy neì1cTBl1H» ['112] . 0.l(Hl1M 113 

TaKl1X pe3yJibTaTOB HBJIHeTCH ,[(eJieH11e Bcex Tl1ITOB OT6opa Ha Il0Jl0)1(11TeJibHblÌ1 

11 orp11uaTeJibHbIH ( OTCeKaJOm11ì1). 

fIOJIO)f(J1TeJibHbIÌ1 OT6op yseJil1'111BaeT B nonyJIHU1111 '111CJIO oco6eì1, KOTOpble 

xapaKTep113YJOTCH npl13HaKaM11, TIOBbIIllaJOII(11Ml1 )i(l13Hecnoco6HOCTb B11.Ua B ue

JIOM. Harrp11Mep: nmrnneH11e x11mH11KoB, npesocxo,UHm11x cso11M11 <<yMCTBeHHbIMl1 

cnoco6HOCT5IMl1» MH0fl1X n pyr11x TenJIOKpOBHbIX, 11Jll1 noHBJieH11e Kp0KO.Ul1JIOB, 

06nanaJOm11x '!eTbipeXKaMepHbIM cepnueM 11 cnoco6HbIX )f(l1Tb KaK Ha 3eMne, TaK 

11 B sone; «OT6op Ha COU11aJibHOCTb» nonymiu11H:, B KOTOpbIX 6onee pa3Bl1Ta 

«B3a11MonoMOII(b». A OTCeKaJOm11ì1 oT6op Bb16paKOBb1BaeT 113 nonynsiu1111 oco6eì1, 

Hecym11x np113HaKl1, pe3KO CHl1)KaJOII(11e )f(l13Hecnoco6HOCTb B naHHblX ycJIOBliHX 

cpe,Ubl, a TaIOKe oco6eì1 e reHeT11'1eCKl1Ml1 OTKJIOHeHl1HM11 OT HOpMbl. 

B 3as11c11MocT11 OT Han11q11si 11 B3al1MO.l(eì1cTBl1H onpeneneHHbIX MexaHl13-

MOB B OT6ope npHHHTO BbJ,UeJIHTb rneCTb OCHOBHblX Tl1ITOB: HanpaBJieHHbJH, 

crn611JI11311py10m11ì1, necrn611Jil1311pYJOm11ì1, ,[(113TpynTl1BHbIÌ1, nOJIOBOH H KaTa

crpocp11qecK11ì1. 

HanpaeneHHblU (.UBH)f(ym11ì1 11n11 nporpecc11BHb1ì1 OT6op) KaK OTBeTHasi 

peaKU11H Ha 113MeHeHHH ycJIOBHH 0611TaH11H Bbl3bJBaeT HanpaBJieHHOe B O.UHY 

CTOpoHy 113MeHeHHe reHeT11'1eCKOro COCTaBa nonyJIHU1111 . 3TOT THn OT6opa 6bJJI 

on11caH eme .[(apB11HOM 11 YonnecoM. B 3TOM cnyqae nonyqaioT npe11MymecTsa 

oco611 e np113HaKaMl1, KOTOpbie OTKJIOHHJOTCH OT cpenHero 3Ha'!eHl1H, a 11Hble 

sap11au1111 np113HaKa nonsepraJOTCH OTp11uaTeJibHOMY o T6opy. Ecn11 BHeWHJIH 

cpe.ua Mem1eTCH nOCTOHHHO H B onpeneneHHOM HanpaBJieHl111, TO ecTeCTBeH

HblH oT6op MeHsieT reHeT11'!eCKYJO cTpyKTypy nonynsiu1111 TaKHM o6pa3oM, 
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'ff06bI ee np11cnoco6JieHHOCTb B 3TJ1X MemnOIUHXCH ycJIOBHHX OCTaBaJiaCb 

MaKCHMaJibHOH. Ilp11 3TOM MeHl!IOTCll qacTOTbl OT,neJibHb!X aJIJieJieH B nonyn»

U1111 11 cpe,nH11e 3HaqeH11» np11cnoco611TeJibHb!X np113HaKoB B nonyn»u11»x. Ha

npaBJieHHbIH oT6op coxpaH»eT Hacne.ncTBeHHbie H3MeHeH11l! B onpe.neneHHOM 

HanpaBJiemrn, nepeMeIUal! COOTBeTCTBeHHO 11 HOpMy peaKl.{1111 opraHH3MOB 

(Hanp11Mep, np11 OCBOeHHH noqBbl KaK cpe,nbI 0611TaHHH y pa3JIJ1qHbIX Hepo.ncT

BeHHbIX rpynn )f(J1BOTHbIX MX KOHeqHOCTH npeBpaTJ1Jll1Cb B pO!OIU11e). 

MHo)f(ecrno pb160K, )f(l1BYIUHX B HH30Bh»X peqeK 11 B npy.nax Ha o . Tp11-

H11.na.n, r116HeT B 3y6ax XHIUHbIX pb16, a B BepxOBM!X X11IUH11KOB Mano, n03TOMY 

rynn11 norn6aeT 3Haq11TeJibHO MeHbWe. 3T11 pa3n11qm1 B cpe.ne 0611TaH11» np11-

sen11 K TOMy, qTo o6e pa3HOBH.nHOCTJ1 rynn11ì1 3BOJIIOU110H11pOBaJil1 B pa3HblX 

HanpaBJieHHHX: 0611Ta10IUJ1e B HJ130BbHX HaqaJIH pa3MHO)f(aTbCll B 6onee paH

HeM so3pacTe, 11 noTOMY KOJI11qecTBO MaJibKOB pe3KO B03pocno. KoHeqHo, :no 

He np116aBHJIO HM waHCOB Ha Bbl)f(J1BaH11e, HO, yq11Tb1Ball B03pocwyro 06my10 

q11cneHHOCTb, MHor11e 113 HHX ycnesaIOT _no)f(IITb .no nonoB03penoro B03pacTa. 

B npoT11sonoJio)f(HOCTb IIM, <<BepxOBbie» rynn1111 .nocT11ra10T nonoBoì1 3peno

CTH n03)f(e, CJie,noBaTeJibHO, HX nJIO,nOBHTOCTb HII)f(e, HO noTOMKH CTaJil1 Kpyn

Hee. qepe3 11 neT nocne nepeMeIUeHH» «Hl130BbIX» pb160K B sepxosMI peKII 

OHH CTaJIII 3HaqIITeJibHO KpynHee, BCTynaJIH B pa3MHO)f(eHIIe n03)f(e II npOII3BO

,nHJIJ1 MeHbWee KOJIIIqeCTBO, HO 6onee KpynHblX noTOMKOB. 

IlO)f(aJiyì1, caMOH JII060nbITHOH J1JIJllOCTPaUIIeì1 HanpaBJieHHOro OT6opa 

CJIY)f(HT HCTOpHH cpopMHpOBaHIIH Tp11xpoMaTwieCKOro UBeTOBOro 3peHHH . 811-

,nbI )f(HBOTHbIX, y KOTOpbIX B pe3yJihTaTe 3BOJl!Ol.{IIl1 pa3BHJI0Cb useTOBOe 3pe

HIIe, np1106pen11 onpe.neneHHbie 611onorIIqecKIIe npe11MyiuecTsa, no3BOJIHIO

IU11e BOcnpIIHIIMaTb He TOJlbKO rpaHIIL{bl o6beKTOB, HO 11 ,nIIcpcpepeHU11pOBaTb 

MX no l.{BeTy, T. e. nonyqaTb .nonOJIHHTeJibHb!H HCTOqHIIK IIHcpOpMal.{1111. 

ToT cpaKT, qrn UBeT cBeToBoro nyqa onpe.nen»eTc» ero MIIHOH BOJIHbI, 6brn 

OTMeqeH eme s XVII B. s o,nHOM 113 nepsb1x cpytt,naMeHTaJibHhIX TPY.noB no uBe

TOBOMY 3peHIIIO - TpaKTaTe 11. HblOTOHa «0nTIIKa». Hb!OTOH .noKa3aJI, qTo np11 

nponycKaH1111 qepe3 np113MY TOHKOro 6ecuBeTHOro nyqa, co.nep)f(aiuero Bee ,nJIII

HbI BOJIH BH,nIIMOH qacT11 cneKTPa, npo11cxo,nIIT ero npenoMJieH11e II pacmenne

H11e Ha HeCKOJlbKO nyqeì1, Ka)f(,nbIH 113 KOTOpb!X xapaKTep113YeTCll onpe.neneHHOH 

.[lJIHHOH BOJIHbl, 11 KOpOTKOBOJIHOBble nyq11 npeJIOMJll!IOTCH B 60JibWeì1 CTeneHH, 

qeM .nn11HHOBOJIHOBb1e. B HaCTOHIUee speM» cyiuecTBYeT .nse Teop11II UBeTOBOro 

3peHM. Ha'!ana TPeXKOMnoHeHTHOH 6bum H3JIO)f(eHhI s 1756 r. M. B. JloMo
nocoBMM B TPaKTaTe «Ù npo11cxo)f(,neH1111 cseTa». B ,naJibHei!weM (s Ha'laJie 

XIX B.) 3Ta TeOp11ll 6brna pa3pa60TaHa T. IOHroM 11 r. reJJhMroJJhUCM. CyTb 

3TOH Teop1111 OCHOBaHa Ha HaJIIIq1111 B ceT'!aTKe 3-x OCHOBHbIX Tl1nOB peuenTO

pOB - KpaCHOro (R), 3eJieHOro (G) 11 CHHero (B). 0,nHaKO J136IIpaTeJibHOCTb 

3Tl1X peuenTOpOB OTHOCHTeJibHa, nOCKOJibKY HMeeT MeCTO qaCTH'IHOe nepeKpbl

BaH11e UBeTosoì1 •1yBcTB11TeJibHOCT11 peuenTopoB Bcex TPeX T11noB. 

JlapaJIJieJibHO cyIUeCTByeT TeOpHH l.{BeTOBOrO 3peHIIH 3. repunra, KOTO

py!O pa3BHJIH )1,. Xht06en 11 T. BuJeJJ (Ho6enescKall npeM11» 1981 r . ) . CornaCHo 



5.3. 3BOntOL.1"1H 61-1occj:Jepbl. 3aKOHOMepHOCT"1 "1 MexaH"13Mbl 487 

3TOH TeOpHH, B M03r nocTynaeT HHcj>OpMaum1 He o TPHIITHXe R-G-B, a o pa3-

HHL(e Me)l(.uy 6eJihIM (Y, .. x) 11 qepHbIM (Y"""), 3eJieHhIM 11 KpacHhIM (G - R), c11-

H11M 11 )l(eJIThIM (B - yellow) u0ernM11, r.ue )l(eJIThIH useT ecTh cyMMa Kpacttoro 

11 3eJiettoro useTOB (yellow = R + G). 3rn Teop11.11, B ueJioM, JIY'Illle 06b.11CH.11eT 

O.U11HaKOBOe BOCI1p11.11Tl1e opraHl13MOM usern np11 pa3HOH OCBeIL(eHHOCTl1 o6b

eKTa. B HaCTO.llIUee speM.11 npe.u11011araeTc.11, 'ITO Ha yposHe ceT'IaTKl1 neì1cTsyeT 

TpeXKOMilOHeHTHa.11 Teop11.11, l1Hcj>OpMau11.11 o6pa6aTbJBaeTC.ll, 11 B M03r nocTy

naJOT naHHbie B COOTBeTCTBl111 e OIIIIOHeHTHOH Teop11eì1 [113]. 

)],o Bh1xona Ha cyllly 3peH11e II03BOHO'IHhIX 6hrno TeTPaxpoMaTH'IeCKl1M, 

T. e. OCHOBaHHblM Ha 4-x OIICl1Hax - CBeTO'IYBCTBl1TeJlbHb!X 6eJJKaX KOJl60'IeK, 

KOTOpb!e cnoco6Hhl «HaCTpa110aTbC.ll» Ha pa3HYJO ,QJlHHY BOJIHbl. B 3aBl1Cl1MOCTl1 

OT KJlJO'IeBblX aMHHOKl1CJlOT B MOJieKYJJe OIICl1Ha, 6eJIOK H3611paTeJlbHO pear11py

eT Ha CBeTOBbJe BOJlHbl TOH 111111 11HOH ,QJl11Hbl. 3Ta CHCTeMa B xone CTa6HJlH3H

PYJOIUero OT6opa coxpaH1111acb y MHOr11x Ha3eMHhIX no3BOHO'IHhIX, BKJJJO'Ia.11 

IlTHU, HO y 60Jlbllll1HCTBa MJleKOill1TaJOIU11X 113 qeTb!pex OIICl1HOB, 11MeBlUl1XC.ll y 

.upeBHl1X 1103BOHO'IHbIX, coxpaHl1JlOCb TOJlbKO nsa, 'ITO na110 n11xpoMaTH'IeCKOe 

3peHHe. y rny6oKOBO,QHbIX opraHl13MOB Bb!pa6oTaJlaCb cnoco6HOCTb K 6110JIJO

Ml1HecueHL(l1l1 3a C'IeT OKl1CJleHl1.ll CJlO)l(Hb!X opraHH'IeCKHX coen11HeH11H . 

Ilpenno110)1(11Te11bHO, YTPaTa np11MarnM11 .usyx onc11Ho0 6hrna c0.113aHa e 

nepexonoM 11X npe,UKOB K HO'IHOMY 11 cyMepe'IHOMY o6pa3y )1(113Hl1 (B KOHue 

TPHacosoro - Ha'IaJie IOpcKoro nep11ona no Bh1M11paH11.11 n11Ho3a0po0) 11 06b.11c

H.11eTc.11 KOHKypeHu11eì1 Me)l(ny Ha3eMHhIMl1 1103soHO'IHhJM11. CymecTBeHHYJO 

po11b B cj>opM11po0aH1111 Tp11xpoMaT11'1eCKOro 3peH11.11 y np11MaTOB Cb1rpa11a reHe

T11'1eCKa.11 1130Jl.llL(l1.ll, KOTOpa.11 Ha'IaJJaCb nop.11.uKa 150 MJlH JieT Ha3an B pe3yJibTa

Te OTneJieH11.11 IO)l(HOH AMep11K11 oT Acj>p11K11, 11 3aKOH'I1111acb 40 MJJH 11eT HaJan. 

)J,a11bHeì1ma.11 3001110u11.11 nsyx serneì1 Ha1II11x npenKoB npo11cxon1111a B pa3HhIX 

ycJJOBl1.llX, H HanpaBJleHHb!H oroop OCHOBb!BaJIC.11 Ha He06XO,QHMOCTl1 BOCI1p11.11Tl1.11 

11Ml1 CBeTOBOro 11311yqeHl1.ll B xapaKTepHOM .UJl.11 Ka)l(,QOH TeppHTOp1111 cneKTpe 

[113]. Y o6mero npenKa np11MaTOs Crnporo Csern, KOTOphlì1 )1(1111 30-40 MJJH 

11eT Ha3an, s pe3y11hTaTe cj>11Kcau1m 3-x MYTau11ì1 (aM11HoK11c110THhIX 3aMeH) 

O,QHH 113 .2-x coxpaHHBIIIHXC.11 OIICHHOBbIX reHOB nonseprc.11 .uyn1111Kau1111, 11 3pe

HHe cTaJJo TP11xpoMaT11qecK11M. Ilapa1111eJibHO ccj>opM11posa11ocb u0en1oe 3pe

Hl1e y HeKOTOphIX np11MaToB Hosoro CseTa: HenocTaJOIUHH 3-ì1 onc11H B03Hl1K 

KaK a11JieJJbHh1ì1 0ap11aHT onHoro 113 nsyx CTapbIX onc11HOBhIX reHOB [114] . Tp11-

xpoMaT11'1eCKOe useTosoe 1peH11e na110 np11MaTaM cyruecTBeHHbte npe11Myrue

CTBa nepen 0611a.uaTeJl.llMl1 .u11xpoMaT11'1eCKOro 3peHl151, IlOCKOJlbKY useTOBa.11 

pacKpacKa 1103B0Jl.11Jla KOMnJleKCHO oueH11BaTb OKp~a!OlL(HH MHp. 

feHhI, oTBe'IaJOIUHe 3a useTosoe 3peH11e, pacno11ara10Tc.11 B X-xpoMOCOMe, 

Il03TOMY KpaCH0-3eJJeHa.ll useToBa.11 HenocTaTO'IHOCTb (.UaJlhTOHH3M) y oco6eì1 

M~CKoro 11011a, 11MeJOIUHX Ha6op 1101100b1x xpoMocoM XY, BCTPeqaeTc.11 B 20 pa3 

qarue, qeM y oco6eì1 )l(eHcKoro, 11 nepenaeTc.11 TOJlhKO no 1111H1111 MaTep11. Y M~
'IHH necj>eKT B X-xpOMOCOMe He KOMI1eHc11pyeTC.ll, TaK KaK OHa en11HCTBeHHa.11, a 

M.11 npo.110JieH11.11 necj>eKTa 3peH11.11 y )l(eHIU11H tteo6xon11Mo oqeHb penKoe co'IeTa-
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H11e - Harrwme Myrau1111 s 06e11x X-xpoMocoMax. Ilpo.srnrreH11e .UaJihTOHl13Ma 

:noro B11.Ua CBH3aHO e HapyrneH11eM Cl1HTe3a O.UHOro 11Jil1 HeCKOJihKl1X CBeToqys

CTBl1TeJihHbIX ImrMeHTOB B 3p11TeJihHhIX peuerrTopax KOJI6oqeK. 

AHaJil13 IIOKa3aJI, qTo qyBCTBl1TeJihHhIH K KOpOTKOBOJIHOBOH qacTl1 crreK

TPa S-rr11rMeHT 11MeeT oT.uarreHHoe cpo.ucTBO K qyBcTBl1TeJihHhIM K .urr11HHhIM 

BOJIHaM M- 11 L-rr11rMeHTaM. (A y HeKOTOpbrx )l(ettm11tt B ceTqaTKe rrraJa OTMeqetto 

co.uep)l(aH11e 4-x IIl1rMeHTOB, BMeCTO IIOJIO)l(eHHh!X 3-x) [113]. y MHOrnx II03BO

HOqHh!X eCTh reHhI, KOTOpb1e no CTPYKTYPe cxo.UHhI e rettoM S-rr11rMeHTa qerroBe

Ka, crre.uoBaTeJihHO, 3TOT rr11rMeHT 11MeeT oqeHb .upeBH11e KOpH11. M- 11 L-rr11r

MeHThI TaK)l(e nmpoKO pacrrpocTpatteHhI y II03BOHOqHhIX, HO cpe.u11 MJieKOIIl1-

Ta!Oll{l1X OH11 BCTpeqalOTCH Jil1Illh y HeKOTOpb!X B11.UOB rrpttMaTOB, qTo roBOp11T 

o 6orree 6Jil13KOM K HaM (Bo speMeHHOM 11HTepBarre) II05lBJieHlll1 3TOro rrptt3Ha

Ka. y MJieKOIIllTa10m11x, He OTHOC5llllllXC5l K rrpttMaTaM, cymeCTByeT TOJibKO 

O.UllH IIllrMeHT, qyscTBl1TeJihHh!M K .UJillHHOBOJIHOBOMY CIIeKTpy, 11 OH cxo.ueH e 

aHarrorttqHh!Mll IIllrMeHTaM11 rrp11MaTOB He TOJihKO CTPYKTYPHO-<f>YHKU110HaJib

HO, HO Il ero reH(bl) paCIIOJIO)l(eH TaK)!(e B X-xpOMOCOMe. A IIOCKOJihKY 3TO TaK, 

B03MO)l(H0 y HllX o6mee IIp011CXO)l(JleHtte [113] . 

IlaparrrrerrhHO e yrpaToii reHOB, OTBeqa10mttx 3a UBernoe 3peH11e, y .upes

Httx MJieKOIIl1Ta10m11x B pe3yJihTaTe MHoroq11crreHHbIX .uyrnmKau11H: llCXO.UHOro 

He60JihIIIOro Ha6opa pe3KO B03pOCJIO KOJittqeCTBO reHOB o60HHTeJihHhIX peuerr

TOpOB. IlepBb!H reH 6hIJI IIOTepirn Ha paHHllX 3Tanax CTaHOBJieHl15l MJieKOIIll

TaIOll{llX, a BTOpoH: - Ha paHHllX 3Tanax 3BOJIIOU1111 TeptteBb!X (BhICIII11H rro.u

KJiacc MrreKorr11Ta10mttx, o6be.UttHHIOllll1H cyMqaThrx 11 nrraueHTapHhIX). TaK, 

BOCCTaHosrreHtte UBeTHOro 3pett11H y o6e3hHH CTaporo CseTa corrpOBO)l(.Uarrocb 

yrpaTOH 3Haq11TeJibHOH q a CTl1 o60HHTeJihHhIX reHOB (ttJill rrpeBpameH11eM llX B 

«Morrqam11e» reHhI) [114). Qqes11.uHo, qTQ rrpouecc pa3BllTl1H 3peHttH Il o6oHH

HllH rrpo11cxo.u11rr B IIpOTl1BO<f>a3e - .ueil:CTBOBaJI KOMIIeHCaTOpHh!H rrp11HU11II, 

CBOMCTBeHHh!M ycToifq11BOMY pa3Bl1Tlll0 B11.Ua. 

B cTa611rrhHhIX ycrros11Hx cymecrnoBaHttH ecTeCTBeHHhIH oT6op rrpo.uorr

)l(aeT .ueH:crnoBaTh, HO y)!{e B <f>opMe crn611rrtt3ttpy10mero oT6opa. 

Cma6UJ1u3upy10UJUÙ om6op 3aKJI10qaeTCH B TOM, qTQ B crn611rrhHOH cpe.ue 

rro.uaBmnOTCH reHOTllIIhl oco6eH: e KpaHHllMl1 OTKJIOHeHl15lMl1 IIpll3HaKOB (Ha

rrpttMep, CJilllllKOM 60Jihllllle 11Jlll CJil1IIIKOM MaJieHhKlle pa3Mepbl scero opraHll3-

Ma 11rrH ero qacTeil:) . TaKttM o6pa3oM, coxpaHHIOTCH rrpttcrroco6rreHHbie reHOTtt

IIhI, a Herrpttcrroco6rreHHbie YHllqTO)!(alOTCH, rro.uo6HO TOMy, KaK 3TO rrp011CXO.U11T 

B npoueccax a.uarrTaU11ll - OTCeKalOTCH oco6H e 60Jihllll1Ml1 OTKJIOHeHll5lMl1 OT 

cpe.uHero 3HaqeHl151. (I10HHTl1e crn6ttJill3llpy10mero oroopa BBeJI H. H. IllMaJJb

ray3eu.) Ho crn6ttJihHOCTh ycrrOBllM He 03HaqaeT 11X IIOJIHOH Hel13MeHHOCTll . 

HarrpHMep, crn611rrtt3Hpy10m11H: OT6op a.uarrTttpyeT rrorryrrHutt11 K ce30HHhIM 

H3MeHeHHHM: B orrpe.uerretttthie rrepttO.UhI, Kor.ua n11meBbJe pecypcbI MaKctt

MaJihHhl, rrpOXOMT U11KJibl pa3MHO)!(emrn, a OTKJIOHeHl15l OT Bbipa6oTaHHOro B 

xo.ue 3BOJIIOU11ll onT11MaJihHOro UttKJia ycTpattHIOTCH. Ho B rrocrre.uHtte ro.Uhl MhI 
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'IaCTO Ha6monaeM MHOro'IHCJieHHbie 11 KpaTKOBpeMeHHbie cpnyKTya111111 TeM11e

parypb1. B pe3ynhrare opraHl13MhI, HeaneKBaTHO «011eH11BIIrne» c11rya11m-0, 

p11cKyioT ocTaTbCH 6e3 110TOMCTBa 11n11 .nmKe 11orn6HyTh. M. M. illManbray3eH 

110Ka3aJI, 'ITO 110.ll06Hble a.na11ra111111 YHl1BepcanhHO B03Hl1Ka!OT B pe3yJibTaTe 

CTa611Jil1311py!OIIIero oroopa (115). 
KaK Mb! )')Ke y110M11Han11, B 11ensix cra611n113a111111 11011ynsi1111ì1 oroop 110 

MHO)!(eCTBY 11p113HaKOB 11.ner B 110Jlb3Y HX cpe.llHl1X 3Ha'IeHl1H. Ka3aJIOCb 6hI, 

Ha1160J1bll1HH BKna.n B reHOcpOH.ll cne.ny10mero 110KOJieHl1H .llOJl)!(Hbl BHOCl1Tb 

oco611 e MaKCl1MailbHOH 11JIO.llOBl1TOCTb!O. 0.nHaKO MHOro'Il1CJieHHbie Ha6JIIO.lle

Hl1H 110Ka3bIBa!OT, 'ITO 'IeM 60Jibllle 110TOMCTBO, TeM rpy.nHee ero Bb!KOpM11Tb, 

1103TOMY Ha116onee 11p11c11oco6neHHb!Ml1 OKa3bIBa!OTCH oco611 CO cpe.nHett 11JIO

.llOBJ1TOCTb!O Ha yposHe 11011ynsi1111ì1. TaK, y MJ1eKOl1HTa10m11x HosopO)!(.lleHHhie 

e O'IeHb MaJib!M 11Jil1 O'IeHb 60JibW11M BeCOM qame 11or116a10T 11p11 p0)!(,lleHHl1 

11Jil1 B 11epBbie He.nen11 )!(113Hl1, 'IeM HOBOpO)!(,lleHHbie CO cpe.llHl1M BeCOM. To 

eCTb reHeTl1'IeCKaH 113MeH'Il1BOCTb 11011ym1111111 11MeeT HOpMailbHOe pac11pene

neH11e - 110 Ka)!()J.OMY 113MeH'IHBOMY 11p113HaKy OCHOBHaH Macca oco6eì1 rpy11-

1111pyercsi s6n11311 cpe.nHero 3Ha'IeHHH ::>Toro 11p113HaKa .nnsi naHHOH 11011ynsi1111H. 

Kpaì1H11e 3Ha'IeH11si 11p113HaKa Ha6n10na10rcsi n11wb y HeMHOrotJ11cneHHbIX oco-

6eì1, 11 11on neì1cTB11eM cra6Hnl13Hpyiomero or6opa ::ir11 oco611, Haxo.llHm11ecsi 

Ha KpaHX KpHBOH HOpMailbHOro pac11peneneHl1H, 3Jll1Ml1H11py!OT H3 110KOJleHHH 

B 110KoneH11e. A 11pH Ha11pasneHHOM or6ope 11po11cxo.n11r ::in11MHHa11HH Kpaì1H11x 

reHeT11'IeCKl1X Bap11aHTOB Ha 0,llHOH CTOpoHe KpHBOH, B pe3yJibTaTe qero 3Ha'Ie

HHe cpenHett B psi.ny 110CJie,llOBaTeJlbHblX 110KOJleHl1H CMemaeTCH. 

Cra611JIH311PYIOilll1H OT6op - Ha116onee Tl11111'1Hb!H Tl111 OT6opa B ecTeCT

BeHHbIX ycnomrnx. Knacc11'IeCKl1M 11p11MepoM .llBH)!(YIIIero OT6opa HBJIHeTCH 

11H.llYCTpHanhHbIH MenaHl13M aHrn11ì1cK11x 6a6o'IeK. OKpacKa KpbIJiheB ::iroif 6a-

6o'IKl1 HMHTHpyeT OKpacKy 110Kpb!TOH JIHWaHHHKaMH KOpbl nepesbeB, Ha KOTO

pb!X OHa 11pOBO.llHT csernoe BpeMH cyroK. 0.nHaKO e Ha'IaJIOM HH.llYCTpHaJibHOH 

peBOJllOllHH B AHrJIHl1 3TO 11p11c11oco6neH11e erano TepHTb CBOe 3Ha'IeH11e. 3a

rpH3HeHHe aTMOCcpepbl 11p11seno K MaCCOBOH rH6en11 JIHWaHHl1KOB 11 110TeMHe

HHIO CTBOJIOB nepeBbeB. CseTJibie 6a60'IKH Ha TeMHOM cpoHe CTaJ111 nerKO 3a

MeTHbl nmi 11THII, 11, Ha'IHHasi e cepe.n11HbI XIX B., B 11011ynsi11Hsix 6epe3osoì1 

11H.lleHHIIbl CTaJIH 110HBJll!TbCH MyraHTHble TeMHbie (MenaHHCTl1'JeCKHe) cpopMbl 

6a6o'IeK, qacrora KOTOpbIX 6b1crpo B03pacrana. K KOHIIY XIX B. HeKoropb1e ro

po.ncKHe 11011ynsi111111 6epe30BOH 11ll.lleHHllbl 110'ITH 11en11KOM COCTOl!Jll1 113 TeM

HbIX cpopM, a B cenbCK11x 11011ynsi11Hsix 110-11pe)!(HeMy npeo6na.nan11 cseTJihie 

cpopMbl. A BO BTOpOH 110JIOBHHe xx B. 'IaCTOTa TeMHbIX cpopM 6a6otJeK B ro

PO.llCKHX 11011YJIHIIHHX Ha'Iana CHH)!(aTbCll, 11 B H3CTOl!IIIee BpeMH OHH 110'ITl1 

CTOJlh )!(e pe,llKH, KaK H .llO Ha'Iana HH.llycrp11aJ1bHOH peBOJJIOIIHH. Ho B xone ec

TeCTBeHHOro OT6opa B3aHMO.lleHCTBYIOT BCe Tl111bl or6opa. POJib cra611J1H3H

PY!Olllero or6opa B 11011yJIHIIHHX ::>TOH 6a6o'IKl1 3aKITIO'Iaercsi B cne.ny10I11eM. 

Ecn11 Ha11pasneHHhIH oroop .neH:cTByer 11p11 H3MeHeHl1H cpaKTopoB cpe.llbl (B .naH

HOM cnyqae 11pH B03,lleHCTBl1H Ha 11011YJIHllHH 6a6o'IeK 3arpH3HeHHOH aTMOCcpe-
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pbl), TO B CTa6irnhHhIX ycnOBIU!X HacrynaeT qepe.u CTa611mn11pyio111ero OT6opa. 

,Uo pa3Bl1Tl1ll npOMhlllJneHHOCTl1 OH 3Jil1MHH11pOBan 113 nonynlll . .(HH «MenaHH

CTOB», Ha cne.uyIOil.leM 3Tane - CTan ycTpaHl!Th nol!BJilllOil.IHeCl! BpeMl! OT 

speMett11 cseTnhie sapHaHThI , a nocne cTa611nhHOro ynyqrneH11l! aTMoccpephI -

BHOBh «MenaHHCTOB». TaKl1M o6pa30M, CTa611n11311py10I11HH OT6op coxpaHl!eT 

TO COCTOl!HHe nonymil.(HH, KOTOpoe 06ecne'111BaeT ee MaKCHMaJihHYIO np11cno

co6neHHOCTh B CTa611JihHhlX ycnOBHllX 0611TaHl1ll. 

TipwmHa nol!BJieHl1ll MaJionp11cnoco6neHHhlX cpopM B cTa6111IhHhlX ycnOBl1-

llX 3aKJIJO'!aeTCll He TOJihKO B nOCTOllHHOM B03Hl1KHOBeHl111 HOBhlX MYTau11ii, HO 11 

B TOM, 'ITO qacTo 6onee np11cnoco6neHHhIM11 OKaJh!BalOTCll reTepo311roTHh1e re

HOTHnh1, KOTOphie npH CKpeil.IHBaHHH .uaJOT pac111enneH11e, H Tor.ua nOl!BJilllOTCll 

rOM03HrOTHhie noTOMKl1 CO CHH)!(eHHOH np11cnoco6JieHHOCThlO. 3To l!BJieHHe 

nonyq11no HaJBaH11e c6aJiaHc11posaHHoro noJI11Mopcp113Ma. MhI ~e paccMaTP11-

san11 B Ka'!eCTBe nOJIHMOpcpH3Ma pacnpoCTpatteHHe cepnOBH.!lHO-KJieTO'IHOH 

atteMHH. 3TO Tl!)!(enoe 3a6onesaHHe K]JOBl1 B03Hl1KaeT y JIIO,!leH rOM03HrOTHblX no 

MYTaHTHOMY aJinemo reMorno611Ha (Hb5
), 11 B 60JihIIIHHCTBe l.fenosel.feCKHX no

nymu11H. l.faCTOTa 3TOro anneJill O'!eHh Hl13Kall. 0.uHaKO 3TOT aJinenh .!lOBOJihHO 

l.faCTO BCTPel.faeTCll B Tex paHOHax M11pa, r.ue pacnpOCTPaHeHa ManllpHll, nOTOMY 

l.fTO reTepo3HroThI no Hb5 
HMelOT 6onee Bh1cory10 ycTOHl.fHBOCTh K MaJillpHH, 

'!eM roM03HrOThI no HOpMaJihHOMY aJinenJO. B pe3ynhTaTe, B nonynlll.(11llX, )!(l1-

sy11111x B MaJillp11HHhIX paH.ottax, nYTeM HaKonneHHll CTa611nhHO no.u.uep)!(11saeTcl! 

reTep0311rQTHOCTh no .uaHHOMY neTaJihHOMY B roM0311roTe annenlO. IlepBhlM 3Ty 

oco6eHHOCTh CTa611n11311pyio111ero OT6opa HaKanJIHBaTh H3MeH'l.fHBOCTh OTMeTl1JI 

H. H. illManhrayJeH. Ott noKaJan, 'ITO, .ua)!(e ocTaBal!Ch cpeHOT11n114ecKH noCTo

l!HHOH, nonynlll.(Hll He nepecTaeT 3BOJIIOl.(110H11pOBaTh, nOCKOJihKY ee reHeTl1'1e

CKl1H COCTaB noCTOllHHO MeHl!eTCll . CTa611JI11311py10I11l1H OT6op, OTMeTall OTKJIO

HeHl1ll OT HOpMhl, o6ecnel.fHBaeT ycTOHl.fHBOe cpyttKl.(110H11pOBaHHe opraHl13MOB B 

III11pOKOM cneKrpe npHBhll.fHhIX .!lJill BH,!la KOJie6aHl1H BHeIIIHl1X ycnoBl1H [115]. 
qaCTO B ttayl.fHOH JIHTepaType MO)!(HO BCTPeTl1Th BhI,!leneHHe B OT,!leJihHhlH 

THn ypaBHOBeIII11BaI0111ero OT6opa KaK OT6opa, 6naronp11llTCTBYIOI11ero reTepo-

3HroTaM. TaKHM npesocxo.ucTBOM Ha.Il roM0311roTaM11 MOrYT o6na.uaTh reHoT11nh1, 

re1-epo311roTHhie no e.UHHl14HOMY reHy HJil1 no uenoMy 6nory reHOB. B 3TOM cny

'l.fae He np011CXO.!ll1T ITOJIHOro 3aKpenneHHll HJil1 3Jil1MHHal.(1111 aJibTepHaTl1BHhlX aJI

neneH. 11Jil1 6JIOKOB reHOB, a e,!lHHHl.(eH, 6naronp11l!TCTBYfOil.leH OT6opy, B .uaHHOM 

CnY'l.fae OKaJh!BaeTcl! reTepo311roTHal! napa anneJieH. 11JI11 col.feTaHHe rettoB. C6a

nattc11posaHHhIH non11MopcpH3M, OCHOBaHHhlH Ha npeBOCXO,!lCTBe reTep0311rDT, 

cpe.u11 )!(11BOTHhlX Ha6nIO.uaeTCll, HanpHMep, y npl!MOKphIJihIX, Kyp, MhIIIIeH., l.feno

BeKa 11 pa3HhlX BH.UOB .Up03ocp11JihI; cpe.u11 pacTeHl1H OHO o6Hap~eHO y KyKypYJhl 

(Zea mays), l!l.fMeHll (Hordeum sativum), Arabidopsis u Oenothera [49]. 

,l(u3mpynmu6HblU (pa3pb1ea10Ufuu) om6op .ueiicrnyeT npH Han1141111 B no

nynl!UH11 .usyx H 6onee 6naronpHl!THhIX cpettoT11nos. EcnH no.u .ueiicTBHeM cTa-

6HnH3HpyI0111ero oT6opa npettMymecrnoM o6Jia.uaIOT oco611 co cpe.utt11M npo-
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»BJieHHeM rrpH3HaKOB, .[IBmKyIUero - 0.[IHa H3 KpattHHX cpopM, TO .LIH3pyrrTHB

HOro - o6e KpattHHe cpopMhI, xapaKTepH3yI-OIUHecx 611MO.L1aJihHhIM pacrrpe.L1e

Jiett11eM CBOHCTB H HX rrpO»BJieHHH. To eCTh :na cpopMa ecTecrneHHOro OT6opa, 

6JiarorrpH»TCTBy» KpaHHHM sap11aHTaM H3MeHlJHBOCTH, TeM caMblM crroco6cT

ByeT B03HHKHOBeHHl-O H ITO.Ll.Llep)l(aHHl-0 ITOJIHMOpcpH3Ma rrorryJI»llHH. 

B orrpe.L1eJieHHhJX c11TyauH»x .LIH3TpyrrTHBHhIH oT6op MO)l(eT rrpttBO.LIHTh 

K o6pa3osaHHI-O 3KOJior11tJec1<H o6oco6JieHHhIX rrorryJI»llHH BHYTPH BH.lla, a 

3aTeM H K Bl1.LI006pa30BaHl11-0. 3cpcpeKTl1BHOCTh .LIH3TpyrrTHBHOro OT6opa yc

TaHOBJieHa .LIOCTaTOlJHO xopowo B 31<crrep11MeHTaJihHhIX ycJios11xx {ttarrp11-

Mep, B 31<crrep11MeHTax e .LIP03ocp11JiaM11). Ho o ero poJI11 B ecTeCTBeHHhIX yc

JIOBH»X B ttacTo»mee speM» HeJih3» rosopttTh KaK o 6eccrropttoM cpaKTe. TeM 

He MeHee paCCMOTp11M yrroM»HYTbie B Jll1TepaType rrpttMepbl ero B03M0)1(H0f0 

,llettCTBH» ( 49). 
Xopowo .L111cpcpepettuttposaHHhie rroJI11Mopcpttb1e rpynrrh1 06Jia,L1a1-0T »BHhIM 

ceJieKTl1BHh!M npettMyllleCTBOM rro cpaBHeHl11-0 CO CJia6o .ll11cpcpepeH1(11pOBaHHhl

Ml1. Harrp11Mep, rroJiosott .L111Mopcp113M: caMKl1 11 caMI.lhI e xopowo .L111cpcpepettu11-

posaHHhIMH BTOpH4HhlM11 ITOJIOBhlMl1 rrp113HaKaMl1 crrap11Ba!OTC» 11 pa3MHO)l(a1QT

C» 6oJiee ycrrerntto, lJeM rrpoMe)l(YTOlJHhre Tl1IThJ. ToT )!(e rrp11ttu11rr «pa6oTaeT» .LIM 

ITOIT)'ID!ll1111 pacTeHl1H, BeTBl1 KOTOpott 3aHl1Mal-OT B apeaJie cy6Hl1Wl1, pa3JIHlJaIO

m11ecx 3KOJIOrHLJeCKH (rro Tl1ITY ITOLJBhl, peJibecpy MeCTHOCTl1 11 T. ,li.), crroco6Hhl K 

CB060.LIHOMY CKpem11saHHl-O, HO ttepe,LIKO CKJIOHHhl K .L1Hcpcpepettl(Hal(l1l1 a,llaITTHB

HhIX MexaHl13MOB. B 3TOM CJIYl!ae e 6oJihWOtt .LIOJiett ysepeHHOCTl1 MO)l(HO roso

p11Th o .lll13TpYITTl1BHOM oT6ope KaK o rnaBHOM peryJittpyiomeM cpaKTope. CaMKl1 

cesepoaMep11KaHCKOtt 6a60lJKH Colias eurytheme noJI11MopcptthI rro OKpacKe 

KpbIJibeB: BCTpetJal-OTC» caMKl1 e opaH)l(eBblMl1 11 caMKl1 e 6eJiblMl1 KpbIJih»Ml1. 

I1 3TOT ITOJll1MOpcpH3M o6ycJIOBJieH e,ll11Hl1lJHhlM reHOM. B cepe,L111He JieTa ITl1Kl1 aK

Tl1BHOCTl1 y 6eJIOH 11 opatt)l(eBOH cpopM Ha6JIIO.[lal-OTC» B pa3HOe BpeM» .[IH»: 6eJia» 

cpopMa 6oJiee aKTl1BHa patto YTPOM H ITOCJie ITOJIY.LIH», a opaH)l(eBM cpopMa - B 

ITOJl.LleHh. KpoMe Toro, y 3Tl1X cpopM OTMetJeHa 113MewrnsoCTh tJacTOThl B 3as11c11-

MOCT11 OT ce30Ha ro,L1a: oceHbIO, e ITOHJ1)1(eH11eM TeMrrepaTYPhI, B03pacTaeT lJaCTOTa 

6eJIOH cpopMbl, a JleTOM - opatt)l(eBOH. 3TO HaB0.[111T Ha MbICJib, LJTO ITOJIHMOpcp113M 

01<pacK11 y ,nattttoro s11.ua crroco6crnyeT pacw11pett111-0 .L111arra3otta TeMneparyphI 11 

BJia)l(H0CTl1, T. e. cnoco6cTByeT rrpO.LIOJl)l(l1TeJihHOCTl1 aKTl1BHOro .llfl» nonyJI»lll1H 

ce30Ha. Ho B03M0)1(H0, LJTO B 3TOM CJiyqae BHalJaJie ,llettcrnyeT HanpaBJI»I-OIU11H OT-

6op, a 3aTeM cra611Jil1311py1-0IUl1H (BCITOMHl1M «MeJiaHl1CTOB»). 

/{ecma6uflu3upylOUfUU om6op MO)l(HO orrpe.ueJI11Tb KaK npouecc, o6paTHhIH 

crn6ttJI11311py10meMy oT6opy, B xo.L1e KOToporo npe11Mywecrno noJiytJaIOT MY

Taum1 e 6oJiee lll11pOKOH HOpMOH peaK1(1111 . KaK Mb! OTMeLJaJI11, CTa611Jil1311-

py10m11ì1 OT6op cy)l(aeT HOpMy peaK1(1111. I1p113HaKH opraHl13MOB pa3Bl1BaIOTC» 

B pe3yJihTaTe B3attMO.llettcTBl1» rettonma 11 cpe.llbI LJepe3 cpettoT11rr. HacJie.L1yeT

cx He rrp113HaK KaK TaKOBOH, a crroco6HOCTb opraHl13Ma (ero reHOT11rra) B pe-

3YJibTaTe B3al1MO.[lettCTBl1» e ycJIOBl1JIMl1 cpe.llhl .uasaTb orrpe,lleJieHHhlH cpeHO-
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TIUI . 0.uHaKo B npHpo.ue Hepe,UKH CJI}"laH, Kor.ua 3KOJIOfHtieCKall HHllla TaKCOHa 

co BpeMeHeM MO)!(eT paclllHpllThCll. B 3TOM cJiyqae ceJieKTHBHOe npeHMymecT

BO IIOJIY'IaIOT oco6H H nonyJilll\HH e 6oJiee lllHpOKOH HOpMOH peaKUHH, coxpa

HlllOll(He TO )!(e cpe.uHee 3Ha'IeHHe npH3HaKa. 3Ta cpopMa ecTeCTBeHHoro oT6opa 

6hrna BnepBb!e OIIHCaHa aMepHKaHCKHM 3BOJilOUHOHHCTOM ,Ll.;ic. r. CuMUCOHOM 
IIO.[( Ha3BaHHeM ueHrpo6e)!(H0fO OT6opa, a TepMHH «.uecTa6HJIH3HpylOll(HH OT-

6op» 6hrn npe.[(JIO)!(eH H. H. BopouuoBhIM. 
TaK, nonyJillUHH o3epHbIX JillryllleK, )!(HBymHe B npy.uax e Heo.u1rnaKOBOH 

OCBell{eHHOCThlO, qepe.uoBaHHeM 3apOClllHX yqacTKOB e OTKpb!TOH BO.[(OH, xa

paKTepH3y!OTCll lllHpOKHM ,[(Hana30HOM H3MeH'IHBOCTH OKpaCKH. 3To pe3yJibTaT 

.uecTa6HJIH3HpyIOmero OT6opa. A B so.uoeMax e O.UHHaKosoH: ocsemeHHOCTh!O 

H OTKpb!TOH nosepxHOCTb!O HJIU IIOJIHOCTblO 3apOClllHX ,[(Ha1Ia30H H3MeH'IHBO

CTH OKpaCKH miryllleK Y30K - 3TO pe3yJibTaT ,UeHCTBm! CTa6HJIH3Hpy10mero 

OT6opa. ITpHMep IIOKa3hIBaeT, KaK .uecrn6HJIH3HPY!Oll{HH OT6op Be,UeT K pac

lllHpeHH!O HOpMbl peaKUHH. 

floJioeou om6op - cpopMa ecTecTBeHHoro oT6opa, onpe.ueJill!Oll{a» B03-

HHKHOBeHHe B npouecce 3BOJI!OUHH BTOpH'IHb!X IIOJIOBb!X npH3HaKOB. 4 . ,Ll.ap

BHH BnepBb!e OIIHCaJI 3TOT cpeHOMeH, Ha3BaB ero IIOJIOBb!M OT60pOM, B «IIpo

HCXO)!(,[(eHHH BH.[(OB», a 3aTeM no.upo6HO npoaHaJIH3HpOBaJI B KHJffe «I1pOHC

XO)!(,[(em1e lJ:eJIOBeKa H IIOJIOBOH OT60p». OH C'IHTaJI, 'ITO «3Ta cpopMa OT6opa 

onpe.ueJI»eTC» He 6opb6oH: 3a cymecTBOBaHHe B OTHOllleHHllX opraHH'IeCKHX 

cymecTB Me)!(.[(y co6010 HJIH e BHelllHHMH ycJIOBHllMH, HO conepHH'IeCTBOM 

Me)!(.uy oco6llMH 0.[(HOfO IIOJia, o6b!'IHO caMuaMH, 3a 06Jia.uam1e OC06llMH .upy

roro IIOJia». (<!>aKTOpbl, cnoco6cTBy!OIUHe IIOJIOBOMY OT6opy, no.upo6HO pac

CMOTpeHbl B pa3,UeJie 5.2.) 

rHIIOTe3a Kamacmpo<jJu'leCK020 om6opa B03HHKJia B pe3yJibTaTe HCCJie,UO

BaHH» H30JIHpoBaHHb!X nonyJilll\HH npH IIOHBJieHHH reorpacpH'IeCKHX 6apbepos 

HJIH npH aKTHBHOH MHrpauHH BH.[(a/nonyJilll\HH 3a npe.ueJihl 3aHHMaeMoro HM 

apeaJia. 3. Maup BhICKa3aJI npe.unoJIO)!(eHHe, 'ITO B nepHcpepH'IeCKHX H30JI»Tax 

Mo.ryT B HeKOTOpb!X CJI}"lallX npOHCXO.[(HTb .[(OCTaTO'IHO 6hICTPhie H pe3KHe H3-

MeHeHH» reHOcpOH.[(a, npHBO.[(llll{He K 3BOJI!OUHOHHb!M li:3MeHeHH»M 3Ha'IHTeJib

HOro Maclllrn6a - «reHeTH'IecKoì1 pesoJIIOUHH» [26] . A ocHOBHY!O npH'IHHY 

CTOJib pe3KHX Ka'IeCTBeHHb!X H KOJIH'IeCTBeHHb!X H3MeHeHHH BH,[(eJI B Hec6a

JiaHCHpOBaHHOCTH .uaBJieHH» oT6opa: 'IeM MeHhllle 'IHCJieHHOCTh nonyJillUHH, 

TeM 3Ha'IHTeJibHee .[(aBJieHHe OT6opa. K 3TOMY Mb! MO)!(eM .uo6aBHTh, 'ITO B ca

MOM o6meM CJiyqae YMeHbllleHHe 'IHCJieHHOCTH nonyJI»UHH H c~eHHe apeaJia 

COOTBeTCTBY!OT nepexo.uy OT pacnpe.ueJieHHOH aKTHBHOH cpe,Ubl K cocpe.[(OTO

'IeHHOH. IIpH coxpaHeHHH noTOKa 3HeprHH YBeJIH'IHBaeTCll ITJIOTHOCTh 3Toro 

IIOTOKa H BepOllTHOCTb «peBOJI!OUHOHHbIX» cpJiyKTyauHH. 

rHnOTe3a «reHeTH'IeCKOH peBOJI!OUHH» 3. Maì1pa 6hrna IIO,UTBep)!(,UeHa 

aHaJIH30M IIOCJie.[(CTBHH .ueiiCTBHll Ha nonyJI»UHH KaTacrpocpH'IeCKoro OT6opa, 
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3JH-IMHHHP}'l0lllero 60JlhWl1HCTBO oco6di. (KcTaTaTH, npmrnJJeHHJI KaTacrpoqm

qecKoro OT6opa qacTO 6hJBalOT CXO.UHhl e Heo6hJqHhlMH .UJJH .uaHHOro BH.Ua 3KC

rpeMaJihHh!MH ycJJOBHJIMH o6HTaHHJI nonynJ11IHH Ha nepmpepHH apeaJia BH.Ua.) 

BhDKHBmoT JIHIIIh oco611, 06Jia.Ua10mHe HaH6oJiee Bh1co1<oì1 <fieHOTHnH<Iec1<oì1 

ycToìiqHBOCThlO. ITocJie B03BpameHHJI ycJIOBHH K HOpMe qHcJieHHOCTh nonyJIJ1-

1IHH MO)!(eT BOCCTaHOBHThCJI, HO ee reHo<fJOH.ll 6y.ueT cymeCTBeHHO OTJlHqaThCJI 

OT HCXO,!lHOro. To eCTh B pe3yJihTaTe CKOpOTeqHoro OT6opa no6e)l(.uaeT OilTH

MaJibHhlH B .uaHHh!X ycJIOBHJIX <fieHOTHfl - «OCHOBaTeJih» HOBOH f!OrIYJIJllIHH. 

TaK, BO BpeMJI 3acyx11 Bhf)l(HBalOT HeMttoroqHcJieHHhie ttaH6oJiee ycTOH'IHBhie 

reHOTHilhI, H HOBaJI nonyJJJllIHJI o6Jia.uaeT f!OBhIWeHHOH 3acyxoycTOH'-Il1BOCThIO, 

qTo Il03BOJIJ!eT eì1 npOHHKHYTh B 6oJiee apH.UHhie 6HOT0Ilhl. 

Ha,o,noporosb1e c)lnyKryat.11111 Bbl3blBalOT CKaYKoo6pa3Hble nepexo,o,b1 - KaYeCT

seHHoe H3MeHeHHe a.uanT11BHOH HOpMbl nony11m1,11H/Bl1AOB B TeYeH11e >Kl13Hl1 

HeMHOroY11cneHHblX noK011eH11H. 803Bpaw,a51Cb MblcnblO K /111HeHHblM 11 He/111-

HeHHblM Cl1CTeMaM, Mbl MO>KeT CKa3aTb, 4TO /111HeHHOH 0611aa11 COOTBeTCTByer 

CTaU,110HapHOe COCT051Hl1e TaKCOHOB 11 6110U,eH030B. npoU,eCC >Ke 3B0/110U,110HHOH 

113MeH411BOCTl1 xapaKTepeH A/151 He/111HeHHOH 0611aCT11, np11YeM CTeneHl1 Hel111-

HeHHOCTl1 coornercrnyer KaYeCTBeHHOe COCT051Hl1e Cl1CTeMbl - 3B01110U,110HHOe 

111111 peBOJllOL.l,110HHOe. V1 Ka)f(AOMY COCTOS1Hl110 COOTBeTCTBYIOT TaK>Ke CBOl1 Mexa

H113Mbl - a,o,amau,110HHble B Jll1HeHHOH 11 MyraU,110HHble B Hel111HeHHOH 0611aCT11. 

HccJie.UoBaHHJI )I{. JI. KIOBhe B o6JiaCTH 300JIOrnH npHBeJIH ero K <fiopMy-

JIHpoBaHHIO rno6aJihHOH TeOpHH KaTacrpo<fJ, cornacHO KOTOpOH Ka)l(,!lOMY reo

JIOrHqecKOMY nepHo.uy COOTBeTCTBOBaJIH CBOH <fiayHa H <fJJiopa, 11 3aKaH'll1Ba

JIHCh 3TH nepHO,!lhl Ka'-IeCTBeHHh!M nepeBOpOTOM - rH6eJihlO BCero )l(HBOro H 

B03HHKHOBeHHeM HOBOro opraHH'-IeCKOro MHpa [116] . TeM He MeHee apxeH H 

MHOrHe 6aKTepHaJihHhJe BH,!lhl nepe)l(HJIH BCe reo6HO<fJH3H'-IeCKHe KaTaCTpO<flh!. 

KaK 6y.uTo 6h1 ITp11po.ua coxpaHJIJia crn611JihHOH 6a1y .UJIJI Bcex noCJ1e.uy10mHx 

so1pO)l(.UeHHH. B l -ì1 rIOJIOBHHe XX B. 3Ta TeopHH '-IaCTH'IHO B03pO.UHJiach B 

<fiopMe HeOKaTaCTpo<fJ113Ma - npe.UCTaBJieHHJI 06 O.UHOBpeMeHHb!X Ha BCeH 

nJiaHeTe <fia1ax CKJJa.uqaTOCTH H ropoo6pa10BaHHJ1, npephrna10m11x .UJIHTeJihHh!e 

3f!OXH OTHOCHTeJihHOro fIOKOJI H Me,!lJieHHOH 3BOJllOIIHH KOph!. 

Tpynno6oìi. om6op. 06pa3HOH .UHJieMMe J1H1Ia H KYPHIIhI coorneTcrnyeT 

KJIJOqeBaJI npo6JieMa nepBH'-IHOCTH 3BOJllOIIHOHHOro OT6opa - 4epe3 HH.UHBH

.UYaJihHhIH reHOM HJIH rpynny opraHH3MOB. 

)].o He,!laBHero speMeHH cqHTaJIOCh, qTO 3yco11HaJihHOCTh - HaHBhICUIHH 

ypoBeHh COIIHaJihHOH opraHH3aIIHH )!(HBOTHhlX, npH KOTOpOH BO B3pOCJIOH qac

TH f!Of!YJIJIIIHH eCTh KaCTa pa3MHO)l(aJOlllHXCJI oco6eì1 H 06cJiy)l(HBa10maJ1 ee 

Hepa3MHO)l(aJOlI.laJICJI KaCTa - MO)l(eT B03HHKHYTh TOJlhKO KaK np051BJJeHHe 

KHH-OT6opa (po.ucrneHHOro OT6opa). TepMHH <oyco11HaJ1hHOCTh» 6hIJI BnepBhJe 

npe.uJio)l(eH B 1966 r . C. l>aTpou H yToqHeH B 1971 r . 3. YnJJcoHOM [ 117]. Eo

Jiee IIIHpOKOe onpe.ueJieHI-Ie 3yco11HaJ1hHOCTH yqHTh!BaeT H BHepO.UCTBeHHhie 

CB513H, npHcymHe o6mecrneHHoì1 rpynne opraHH3MOB. KcTaTH, .upeBHeHIIIHH 
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npe.ucTaBttTeJih 3ycouuaJihHOH opraHtt3auuu o6Hapy)KeH cpe.uu BhIMepruero 

BH.Ua rapaKaHOB Me3030HCKOH 3phl [ 118]. JlsJiemi:e 3YCOUHaJihHOCTH BKmoqaeT 

MOpQlOJioruqecKue u nose.ueHqecKue H3MeHeHm1, Q3opMupyiomuecsi Ha OCHOBe 

CHM6H03a Il aJihTPYH3Ma KaK BhICUieM qiopMhl npOHBJieHHH couuaJihHOCTH . 

Ba)l(HhIM 3TanoM B 113yqeHuu 3ycouuaJihHOCTH cTaJiu pa6oThl )l,:iK. XoJI
.ueii ua, KOTOphIH eme B 50-e rr. xx B. npe.unoJIO)KllJI, qTo B03HHKHOBeHue po.u

CTBeHHOM QlOpMhl 3ycouuaJihHOCTH 6a3ttpyeTCH ua B3aHMOilOMOIUH 6JIH3KHX 

po.ucTBeHHHKOB, ttMeIOmux MHOro o6mux reHOB e aJihTpyucToM. TI03TOMY 3a-

60Ta o po.ucTBeHHHKaX BhlJIHBaeTCH B 3a6oTy o nepe.uaqe CJie.UyIOIUHM TIOKOJie

HilHM u co6cTBeHHhIX reHoB. Tio3.UHee u.uesi KHH-OT6opa 6hrna pa3pa6oTaHa 

KpyntteMUIHM TeOpeTHKOM -3BOJIIOUHOHl1CTOM BTOpOM TIOJIOBHHhl XX B. Y. ra
MHJihTOHOM u nonyJI»pHO H3JIO)KeHa P. )l,oKHH30M, asTopoM KOHuenu1m <orou

CTttquoro reHa» [119]. 
ComacHo .[l;oKKttH3y, OTBeTCTBeHHOCTh 3a «npaBHJihHhIH» oT6op B3HJIH Ha 

ce6si uacJie.uyeMhie reHhI, KOTOph1e C03.UaIOT «MaUIHHhl BhJ)KttBaHtt»» - opra

Htt3MhI, no6~.uaIOT HX 3aHHMaThCH caMOKOnuposauueM, HCKaTh OTITHMaJihHhIX 

,UJIH pa3MHO)KeHtt» napTHepos 11 3a60Tl1ThCH o TIOTOMCTBe - HOBhIX «Maru11uax 

Bhl)KttBaHtt»». Tipu 3TOM reHhl «6e3pa3Jil1qHhI», TIOCKOJihKY yqaCTKH MOJieKyJihl 

)l,HK JIHWh yqaCTByiDT B Tex HJIH HHhlX XHMuqeCKHX peaKU11HX. 11 ((aJihrpyttCTH

qecKHe» reHhl .UOJI)l(Hhl 6hJJIH 6bi ucqe3HYTh ll3 nonyJIHUHH, KaK CHH)KaJOIUHe 

npttcnoco6JieHHOCTh OT.UeJihHOH oco6u. Ho ,UJI» rrporpecc11suoì1 3BOJIIOUHH sa)K

uo ue Bhl)KttBau11e OT.UeJihHhIX oco6eì1, a HacJie.uosaHue reHOB [119]. Kuu-oT6op 

o6be,UHHHeT tt pO.UHTeJihCKYIO (reH pO.UHTeJIH cnacaeT co6cTBeHHhie KOTil111 B .ue

rnx), il po.ucTBeHHYIO <<JII060Bh» ( o6mtte reHbl) . 3Q3Q3eKTHBHOCTh KHH-OT6opa, 

orrpe.ueJisieMa» cTeneHhIO po.ucTBa Me)K.uy aJihrpyttcTOM u ero o6beKTOM, a TaK)Ke 

BhirO.UOH H ymep6oM po.ucTBeHHHKOB BCJie.UCTBHe nose.ueHH51 aJihTPYHCTa, 6hJJia 

MaTeMaTuqecKH cMo.UeJI11posaua Y faMHJihTOHOM. HanpuMep, aJihTPYH3M .UOJI

)KeH 6bITh Bhiro.ueu, eCJil1 Bh111rphlllI, no.rryqaeMhlH pO.UHhIMH 6paThHMH HJIH ce

crpaMH, xorn 6hI B 2 pma 60JihWe, '!eM 3aTpaThl aJihTPYHCTa, a ,UJIH .UBOIOpO.UHhIX 

6paTbeB - B 8 pm. feHhl, OTBeTCTBeHHhie 3a aJihrpytt3M y o6mecTBeHHhIX Hace

KOMhIX, Moryr JierKO pacrrpocrpaHHThCH 6Jiaro.uapsi HaJIHqttJO «ranJIOH.UHO

.UHITJIOH.UHOro» MeXaHH3Ma: caMUhl, pa3BHBaIOIUHeCH ll3 ueonJIO.UOTBOpeHHhIX 

51HU, co.uep)KaT ranJIOH.UHhlH ( O.UttHapHhIH) Ha6op xpoMOCOM, a caMKH scer.ua .UH

TIJIOH.UHhl (co.uep)KaT .UBOHHOH Ha6op xpoMOCOM). 8 pe3yJihTaTe .uoqeptt HaCJie

.UYJOT OT oTua 100 % reHos, OT MaTeptt - 50 %, a cecrph1 - % reHos. TaKHM 

o6pa30M, y pa60'IHX nqeJI 06IUHMH 6y.uyr 75 % reHOB, TI03TOMy, TIOMOraH cecrpe 

CTaTh rrqeJIHHOH MaTKOM, pa6oqasi rrqeJia rrepe.uacT CJie.UyIOIUeMy TIOKOJieHHIO 

60Jihllle reHOB, qeM MOrna 6hI, ecJIH 6hl caMa 3aBeJia TIOTOMCTBO. 

Ho OKmaJIOCh, qTo HaJIH'ltte rarrJio-.u11nJIOH.UHOro Mexautt3Ma onpe.ueJie

Htt» noJia caMo no ce6e He rapaHTttpyeT pa3Bl1Ttt» COUHYMa: H3BeCTHhl .uec»TKH 

ThICHq BH.UOB nepenoHqaTOKphIJihlX - o6Jia,UaTeJieM .uaHHOro MexaHH3Ma, HO 

cymecTBYIOIUHX BHe 3ycou11aJihHOCTH. 8 TO )!(e speMH 3YCOUHaJihHOCTh CBOH

CTBeHHa npe.UCTaBHTeJIHM H .upyrux rpynn )KlfBOTHhIX, y KOTOphIX Bee oco6u 
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.[llfITJIOlf.[\Hhl lf y KOTOpblX HeT rarrJIO-.[llfTIJIOl1.[lHOro MeXaHH3Ma orrpe.neJieHl151 

ITOJia - TepMHTaM, HeKOTOpblM JKyI<aM lf KpeseTKaM, lf .naJKe 0.[lHOMY Blf.L\Y 

MJieKOITHTaIOmHx - roJIOMY 3eMJieKorry. 

3. YttJicou, ocHoBaTeJih cou1106110JTor1111 - HayKH o 6110JTor111-1ecKHX oc

HOBax cou11aJThHOro nose.neH11», TaKJKe C4HTaeT, 4TO rrose.neHHe ( KpattHHMl1 

cpopMaMl1 KOTOporo 51BJ!51IOTC51 aJibTpYl13M 11 3rol13M) BCex opraHJ13MOB BO MHO

roM orrpe.neJI»eTC» reHaMl1 (11MeHHO OH 11CITOJ!h30BaJI TepMHH «reHeTJ14eCK11H 

!lOBO.[\OK»), HO B OCHOBe 3BOJIIOUl111 JTeJKHT rpyrrrrOBOH OT6op [120]. ArlbTpy11-

CTJ1L[eCKOe rrose.neHHe Ha6JIIO.[laeTC» y BCex Blf.[\OB JKHBOTHhIX 11 op11eHT11poBaHO, 

B nepsyIO oqepe.nh, Ha np11Ha.nJieJKHOCTh K o6meii cou11aJihHOì1 rpyrrrre, xorn 

HeJih351 11CKJIJOL[aTb o6mHOCTh BHeWHl1X xapaKTep11CTl1K, TaKHX KaK uBeT, 3a

nax. (CJie.nyeT OTMeTHTh, L[TO 113BeCTHhl MHOro41fCJieHHbie CJTyqa11 aJihTpy11-

CTJ1L[eCKOro nose.neHH» rro OTHOllleHHIO K rrpe.ncTaB11Tem1M 11Hb!X TaKCOHOB: 

.neJibcp11Hhl, crraca10m11e J!IO.[leH, Mhllll1, BOCJ1!1TaHHhie KOWKaMH, lf .np. HeKO

TOpbie 6110Jior11 06b»CH»IOT no.no6Hble 11CTOp11H ow116Koì1 reHeT114eCKl1X rrpo

rpaMM.) )J,OKl1H3 orrpe.neJI»JI 3TY o6mHOCTh KaK <<3cpcpeKT aJTbTpY113Ma K 3eJie

HOH 6opo.ne». Ho, so-nepBhIX, o6Jia.naTeJTeM <GeJiettoH: 6opo.nhrn MOJKeT OKa-

3aThC» «4yJKaK», a BO-BTOpbIX, po.ncTBeHHHKlf MOfYT o6Jia.naTb «6opo.naMl1» 

pa3HhIX useTOB. Harrp11Mep, y caMuos »mepHu Uta stansburiana ropJihIWKO 

MOJKeT 6b!Th OKpaweHO B Cl1Hl1H, opaHJKeBblH HJIH JKeJTTblH uBeT. 11 reHOM 

«aJihTPYl13Ma» o6Jia.naIOT TOJibKO caMUhl e CHHlfM ropJibllllKOM, caMUhl e opaH

JKeBhIM ropJiblWKOM CKJ!OHHhl K arpeCCHH, a e JKeJIThIM - K XHTpOCTl1 (CYTh B 

TOM, L[TO reHhl, KOHTpOJIHpyIOmHe UBeT no.n6opo.nKa lf .npyr11e rrose.neH4eCKHe 

reHhI, He cuerrJieHhI, a pacrroJioJKeHhI B pa3HhIX yqacTKax reHOMa) [ 121 ]. Ho 

HMeHHO HaJIHL[He rpyrrn e pa3Hh!Ml1 rrose.neH4eCKl1MH HOpMaMH C03.[laeT Cl1-

HepreTl14eCKHH 3cpcpeKT ycTOH411BOCTl1 H 1103BOJI»eT nonyJI»Ul111 ycTOH411BO 

3BOJI10u110H11posaTh. CornacHo .n; .... M. CMttTy, npe.nJIOJKHBWeMy MaTeMaTH-

4ecK11e MO.[leJIH 3BOJllOU110HHhIX CTpaTer11ii Ha OCHOBe rpynnosoro aJihTPYH3Ma 

(no.no6Hhle BhIWepaccMOTpeHHOH MO.[leJIH Y. faMHJlhTOHa), «3BOJ!IOUHOHHO 

cTa611JibHa» cTpaTermrn cnoco6cTsyeT rrpouseTaHHIO rpynnhI opraH113MOB, B 

KOTOpOH MOrYT cocymecrnosaTb HeCKOJ!hKO pa3HhlX nose.neH4eCKl1X CTpaTernH: 

[ 121]. I1pi1 3TOM aJibTPYl13M «noomp»eTC»» 3BOJllOU11eì1, eCJTH OH cnoco6crny

eT coxpaHeHHIO B nonyJI»u1111 60Jihwero 411CJia Kon11ì1 reHa, 4eM 3ro113M. 

q_ )J,apB11H B «TipOHCXOJK.[leHHH L[eJIOBeKa» n11caJT: «Xorn BhICOKHe HpaB

CTBeHHbJe HOpMbl ,uaIOT MaJIO npe11Myruecrna 11HL(l1BlfLIY 11 ero JlOTOMCTBY 11Jil1 

BOBCe He .naIOT ero no cpaBHeHHIO e ,upyr11MH J!IOL(hMl1 Toro )f(e nJieMeHl1 .. . 

pa3BHTHe BhlCOKHX MOpaJibHhIX CTaH,uapTOB, HeCOMHeHHO, ,uaeT orpOMHOe 

npe11MyLUeCTBO OL(HOMY ITJieMeH11 Ha.n .npyrHM». 11 o6b» CH51Jl 3TO pacnpOCTpa

HeHHeM B rronyJI»U1111 aJihTPYl1CTJ1L[eCKl1X np113HaKOB no,u ,ueì1CTBl1eM rpynno

BOro oT6opa: rpynnb1 aJihTpy11cTOB noJiyqaJOT npe11MymecTsa Ha,u rpynnaMtt 

3ro!1CTOB, L[TO cnoco6crnyeT yseJI11L[eH1110 11X L[l1CJTeHHOCTl1 11 pacnpocTpaHe

Hl1IO retta aJihTPYl13Ma. 3. Y11JTCOH DO.[\TBep,u11JT 3TO B xo.ne CB011X 11CCJie,UOBa

Hl1H: KOJIOHttaJibHble nepenOH4aTOKpbIJihle B BlfL(OBOM OTHOWeHHlf COCTaBJI»IOT 
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2 % OT fowpa:rnoo6pa31151 HaceKOMbIX Tpo1111IJecKoro neca, HO 110 6110Macce Ha 

nomo 3T11x o6mecTBeHHbIX HaceKOMbIX rrp11xon11Tc5! 3/4 [120]. OnHaKo s cepe

n11He XX s. CTana noM11H11posaTb Teop1151 reHHoro oroopa, IJeMy cnoco6cTso-

0ano pa3B11T11e MOJieKyn51pHoì1 reHeT11K11. K TOMY )!(e rpynnosoì1 OT6op CJIO)!(

Hee Monen11posaTb (MHO)!(eCTBO s3a11MOCB513aHHbIX <PaKTopos BHYTPl1 opra

Hl13MeHHOH rpy1111b1 11 B cpene 0611TaH115!, Me)!(rpynnosb1e s3a11Moneì1cTs115!, 

Heo6xon11MOCTb YIJl1TbJBaTb He TOJibKO speM51, HO I1 npOCTPaHCTBO ). 

3 . Y11JICOH BBeJI IIOH51Tl1e major transition, CYTh KOTOporo COCTOl1T B TOM, 

IJTO nJI51 cou11YMOB )!(11BOTHbIX Ha onpeneneHHOM 3Tane pa3011T115! xapaKTepHo 

KaIJeCTBeHHOe 113MeHeH11e - 11Hn11s11nyaJibHb!H OT6op ycrynaeT MeCTO Me)!(

rpynnosoMy (KOHKypeHU1151 Me)!(ny OC0651Ml1 ycTynaeT MeCTO KOOI1epau1111, 

Bb!CIIIa51 <t>opMa np051BJieHl151 KOTOpOH - aJibTPYl13M) . lIMeHHO TaKl1M MHOro

cryrreHIJaTb!M nyTeM on11HOIJHb1e nepenoHIJaToKpbIJihie, OCbI 11 Mypa0b11 rrepe

xon51T K o6mecTBeHHOMY 06pa3y )!(113Hl1: y II'IeJI Braunsapis sauteriella MaTKa 

OTKJianhrnaeT 51111JKl1 B IIOJ!b!X CTe6JI51X paCTeHl1H, a o Jll11Jl1HKax 3a60T51TC51 «OT

Ka3aBIIIl1ecsm OT pa3MHO)!(eH115! pa6o,rne nIJeJibl. KaK 1111weT Y11ncoH: «On11H 

MaJieHhKl1H IIIar IIIJeJibl, 60JibWOH IIIar scex rreperrOHIJaTOKpbIJibIX» [120] . 
Tiepexon K aJibTPYl1CTl11JeCKOMY noseneHl1!0 MO)!(eT 6bJTb o6yCJIOBJieH KaK 

Ha ypOBHe <t>eHOT11IIa (n11TaH11e onpeneJI51eT, CTaHeT Jll1 caMKa-Jil11Jl1HKa pa6oIJeH 

IIIJeJIOH 11Jll1 KOponesoì1), TaK 11 Ha ypOBHe reHOTl1IIa (KOCBeHHb!e naHHbie, OCHO

BaHHbJe Ha myqeH1111 6JI113Heuos, YKa3bIBaIOT Ha TO, IJTO «reHbI aJibTPYl13Ma» y 

npHMaTos neì1cTs11TeJI1>Ho cymecTsyIOT. Y11ncoH rronaran, lJTo rrono6HbIH KaIJe

CTBeHHbIH cKaIJOK Mar 11MeTh MeCTO rrp11 II05!BJieH1111 MHOroKJieTOIJHhIX. A Peì1H11 

yimnen npoo6pa3 nepsoro MHOroKJieTOIJHoro s 6aKTep11anbHbIX Marnx - Ml1K

po6HbIX coo6mecT0ax rrp0Kap110T, pacnonaraiom11xc51 Ha nHe sonoeMos 11n11 s 

11x rrp116pe)!(HOH 30He 11 pa3neneHHbIX Ha nse KacTbI - c11HTe311pyiom11x uen

JIIOJI03y nJI51 H~ KOJIOHl111 11 3aH51Tb!X TOJihKO pa3MHO)!(eH11eM [ 123]. 
B apxeì1cKyIO 11 npoTepo3oì1cKyio 3pbI 11MeHHO 6aKTep11aJI1>Hhie MaTbI 6b1-

JI11 OCHOBHOH cpopMOH )i(l13Hl1, a B HeKOTOpb!X 3KCTpeMaJibHb!X MeCTax 0611Ta

Hl15! OHl1 coxpaHl1Jil1Cb 11 no ceì1 neHb [ 124]. .6aKTep11aJibHb!H MaT IIOXO)!( Ha 

MHOroCJIOHHb!H KOBp11K. BepXHl1H CJIOH o6pa3yIOT <t>oTOCl1HTe311pyI01Ul1e 6aK

Tep1111 ( o6bilJHO u11aH06aKTepH11 ), KOTOpb!e Bb1neJI5!IOT Kl1CJiopon 11 rrp0113BOn51T 

opraH11Ky. H11)!(e pacnoJIO)!(eH cnoì1, 06pa3yeM1>1ì1 rrypnypHbIMl1 6aKTep115!M11 

(<l>oTOCeHTl1KaMl1, KOTOpbie 11CIIOJ!b3YIOT np11 <t>oTOCl1HTe3e B KaIJeCTBe noHopa 

3JieKTPOHa He sony, a ceposonopon 11 Bb1neJI5!IOT He K11cnopon, a cepy 11 cynb

<PaT1>1) 11 a3p06HblMl1 reTepoTpo<l>Hb!Ml1 6aKTep11Ml1 (11CIIOJib3yIOIUl1Ml1 Kl1CJIO

pon nn51 pa3JIO)!(eH115! opraH11K11, 6naronap51 IJeMy K11cnopon rrpaKT11lJecK11 oT

CYTCTsyeT s Hl1)!(HeM aHa3po6HoM cnoe 6aKTep11aJihHOro Marn). AHa3po6HbIH 

cnoì1 IJepHoro useTa HaceneH, Harrp11Mep, 6pon11Jib1Ul1KaM11, BbI3hJBaiom11M11 

<t>epMeHTaTl1BHOe pa3JIO)!(eH11e (6po)!(eH11e) opraHl1Kl1 B OTCYTCTBl1e Kl1CJIOpona. 

Tio60IJHblM nponYKTOM o6MeHa semecTB 6ponHJih!UHKOB 51BJI51eTC51 MOJieKyJI51p

HhIH sonopon, KOTop1>1ì1 cyn1><PaT-penyKTopb1 - npyrne 0611rnTen11 a3po6Horo 

CJI051 - 11CIIOJ!h3YIOT nJI51 BOCCTaHOBJieHl151 cyn1><PaTOB, BbineneHHblX rryprryp-
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HbIMl1 6aKTepID!M11. B pe3yJihTaTe o6pa3yeTC}I ceposo.uopo.u, tteo6xo.u11Mbitt nyp

nypttbJM 6aKTep11llM. IT011y1rneTCll 3aMKHYThri1 Xl1Mi1'IecK11i1 L(l1KJI, B KOTopoM 

yqacTBYIOT KaK Ml1Hl1MYM Tp11 pa3HbJe rpynnhI M11KpoopraHl13MOB. 

KrreTKl1, He 3aH}ITbie CTPOHTeJibCTBOM MaTa, MOrJIH B3}1Tb Ha ce6ji pOJib 

IlOJIOBb!X KJieTOK, KOTOpbre cnoco6Hbl .uaTb HalJaJIO HOBb!M KOJIOHl1}1M. A CTpo11-

TeJI11 MaTa - pOJib COMaTl1lJeCK11X KJieTOK, 06ecnelJ11BalOIL(l1X pocT «TeJia» KO

JIOH11H 11, c11e.uosaTeJihHO, npouseTaH11e noJIOBbIX KJieTOK 11 scei1 KOJIOH1111. Ho 

np11 3TOM pa3Hl1L(a Me)!(.uy «COMaTl1lJeCKl1Ml1)) H «nOJIOBblMl1)) KJieTKaMH .UOJI)!(

Ha 6h!Tb HeHac11e.uyeMOH: reHeTHlJeCKl1 OHl1 .UOJI)!(Hbl 6b!Tb O.UHHaKOBbl, a pa3-

Jll1t{l1ji B «nOBe,UeHl111» 6y.UYT OTHOCl1TbCll K ccpepe MO.U11cpHKal.(110HHOH 113MeH

lJl1BOCTl1. JJ:onyCTl1M, HeKaji cso6o.uttaji OT 3a,UaHHOH nporpaMMbl KJieTKa 6hrna 

cnoco6Ha np11 .ue11eH1111 np0113BeCTl1 Ha CBeT O.UHY COMaTHlJeCKYIO KJieTKy, a 

HOBaji !lOJIOBaji KJieTKa IlO}IBJlj!JiaCb Ha CBeT He lJaIL(e, lJeM pa3 B 16 ,UeJieHHtt. 

IToKa «3rOl1CTOB» MaJIO, OHH noJie3Hbl .UJill KOJIOHHl1, Bpe.ueH TOJibKO HX nepe-

1136bITOK. Ha 3TOM 3Tane rpynnosoi1 oT6op O!l}ITb cMeHHTCH 11H.u11s:11.uya11bHbIM, 

nOTOMY lJTO rpynna CTaHeT «CBepxopraHl13MOM» [124). 
He.uaBHO 6bJJia npe,UJIO)!(etta HOBaji TeOp11ll, cornaCHO KOTOpOH 3YCOL(HaJib

HOCTb MO)!(eT Il0}1Bl1TbC}I 11 np11 Koonepau1111 HepO.UCTBeHHblX oco6eì1, B COOT

BeTCTBl111 e KOTOpOH CTaHOBJieH11e 3ycou11aJibHOCTl1 npOXO.U11T HeCKOJibKO 3Ta

noB [125]: 

I. <l>opM11poBaH11e B nonym1u1111 rpynn oco6ei1, KOTOpbre 0611Ta10T Ha orpa

Hl1lJeHHOH Tepp1nop1111 11 CBl!3aHbl KOOnepau11ei1 . y 60Jibll111HCTBa 3yco

L(l1aJibHbIX )!(11BOTHblX cpopM11poBaH11e rpynnhl HalJHHaeTC}I e O.UHOH onJIO

.UOTBOpeHHOH caMKl1 (nepenOH'-laTOKpblJib!e) 11JIH napbl noJIOB03peJib!X 

oco6ei1. A nocKOJibKY po.ucrno ecTb CKopee c11e.ucrn:11e, a He np11'1HHa 3y

cou11aJibHOCTH, Ha HalJaJibHb!X 3Tanax po.UCTBO He o6ll3aTeJibHO. 

2. HaKon11eH11e np113HaKOB B xo.ue ecTecrnettttoro OT6opa, .ueiicTBYJOmero 

Ha ypoBHe OT.UeJibHbIX oco6ei1 (a He rpynn), KOTOpbie .ue11a10T nepexo.u K 

o6mecrneHHOMY 06pa3y )!(H3HH 6011ee sepO}ITHbIM. ITp:11MepoM c11y)!(HT 

3a6oTa o 6y.uymeM 06ecnetiett:1111 noTOMKOB y nepenOHlJaToKpbIJihJX (no

cTpoiiKa rHe3,Ua, .UOCTaBKa KOpMa, OTKJia,UKa HHL(a, oxpaHa Jil1lJl1HKl1, KOpM

JieHHe) . 

3. IToHBJiett11e nocpe.ucTBOM MYTau:1111 111111 peKOM611Hau:11:11 cneu11aJibHbIX re

HOB, OTBeTCTBeHHb!X 3a BC!O rpynny. y «npea.uanTHpOBaHHb!X)) nepenoHtia

TOKpbIJib!X .UOCTaTOlJHO O.UHOH MYTau1111, KOTOpaji OTMeH11Jia 6br npe,UbI.UY

myJO KOMaH.uy ( ttanp11Mep, no11oso3pe11aji caMKa 11 ee no.upocll111e noTOMKH 

.UOJI)!(Hhl OCTaBaTbCH B CTapoM rHe3.ue, OTKa3aBlliHCb OT pacceJieH11}1) . 

4. IToHBJieHHe np11Hu:11n11aJibHO HOBbIX np113HaKoB, B03HHKa10m11x B pe3yJih

TaTe B3aHMO,UettCTBHll oco6ei1 B KOJIOHl1H, KOTOpbie CTaHOB}ITCll o6beKTa

MH rpynnosoro OT6opa. B 3TOM CJIYtiae KOJIOHl1}1 paccMaTPHBaeTCll KaK 

«CBepxopraHl13M». y Ha:116011ee npO.UB11HYTblX 3YCOL(HaJibHblX B11.UOB OT-

6op MO)!(eT MeH}ITb )!(H3HeHHbltt L(HKJI 11 Cl1CTeMy KaCT. 
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TaKHM o6pa30M, reHhI cou:mUihHhIX B3aHMo,neìicTBHH rrpmrnlli!IOTCH TOJih-

KO Ha yposHe rpyrrrrhI. 

EA"1H"1UeH eCTeCTBeHHOro or6opa HBmleTCH reH, a MHWeHblO or6opa - OC06b "1 

coui-ianbHaH rpynna. no3TOMY HMeeT CMblCil rosop"1Tb o MHOroypOBHeBOM OT6o

pe - tt Ha yposHe oco6eC1, i-i Ha yposHe nonynHUHH. TaKttM o6pa30M, o6U.\ee Ha

npasneHi-ie 3BOillOLIHH COUHaJlbHblX rpynn onpeAenHeTCH KaK CYMMa BeKTOpOB 

3Tl'1X OT6opos, B03MO>KHO, pa3HOHanpasneHHblX. B HTOre OT6op HanpasneH Ha 

onrnMaJlbHOe pa3B"1rne rpynnbl KaK BblXOA BH)J,a Ha YCTOH4HBYIO TpaeKTOp"110 

nporpecrnBHOH 3BOI110l.IH"1. B CYU.\HOCTH >Ke Mbl BHOBb BCTpe4aeMCH e npttMepoM 

A"1aneKrn4eCKOro e)J,"1HCTBa CBH3aHHblX o6paTHblM"1 CBH3HM"1 reHeT"14eCKOro "1 

nonynHUHOHHOro ypOBHeH B 3BOI110l.1"10HHOM pa3BHTl'1H BH)J,a. 

MexaHU3MbI om6opa 
OcHOBHhIM MexaHH3MOM ecTeCTBeHHoro oT6opa HBJIHIOTCH Hacne,nyeMhie 

H3MeHeHHH reHOMa - MyTaU:HH H HX KOM6HHaU:HH . 

Mymat1uu - 3TO Hacne,nyeMhie H3MeHeHHH rettoTurra, rrpoucxo,nm1.(He rro.n 

BJIH51HHeM BHernHHX u/unu BHyrpeHHHX cpaKTopos. Myrnu:uu eCTh yttttsepcanh

ttoe CBOHCTBO scex cpopM )l(ll3HH, OCHOBaHHOe Ha Hacne,nCTBeHHOH H3MeHqHBOCTH 

B )l(HBOH rrpupo,ne. HeycToìiqushIMH OKa3hIBaIOTCH MYTaU:HH, KOTOph1e Bh16paKo

BhIBaIOTCH H3 rrorry;rnu:HH BMeCTe e Hecrroco6Hh!MH K a,narrTaU:HH oco6HMH. 

B03HHKHOBeHtte HaCJie)J,CTBeHHhIX H3MeHeHHH OTMeqaJIOCh MHOfHMH yqe

Hh!MH eme B XVIII-XIX ss., Ho yrny6neHHoe u3yqeHue Myrnu:uìi Haqanoch 

JIHIIIh e 3apO)l(JleHHeM MOJieKyJIHpttoìi reHeTttKH B Haqane XX B. OcHOBhI soc

rrpHHTHH Myrauuìi KaK Ba)l(Heìiwero cpaKTopa 3BOJIIOU:HH B xo,ne OT6opa 6hIJIH 3a

JIO))(eHhI B 20-e rr. xx B. OCHOBaTeJIHMH 3BOJIIOU:HOHHOH reHeTHKH - c. c. 11eT

BepHKOBhlM, )],"'. XoJii:.euuoM, P. <l>uIIIepoM tt C. PaiiTOM . 

B ,napBHHOBCKOH Teoptttt 3BOJIIOU:HH ccpopMynuposaHo cpyH,naMeHTaJihHOe 

rrpe,ncTaBJieHtte o HeHarrpasneHHOH H3MeHqHBOCTH KaK OCHOBe OT6opa H 3BO

JIIOU:HH, a B KnaccuqecKoìi reHeTHKe rrpeo6na,naeT rrpe,ncTasnettue o cnyqaìiHOM 

xapaKTepe Myrau:uìi. TipH 3TOM B KJiaccuqecKOH reHeTttKe H 3BOJIIOU:HOHHOH 

TeOpHH BOrrpoc o cymecTBOBaHHH rrpe11eJIOB H3MeHqHBOCTH ITO'ITH He pac

CMaTpHBaJICH. Ou:eHKH pa3Mepos rrocne11osaTeJihHOCTeìi reHOB OTAeJihHhIX 6en

KOB (.no 103 
MOHOMepoB) H reHOMOB (.no 107 

y rrpoKapHOT H 10
10 

- y 3yKapHOT) 

rropOAHJIH MHO))(eCTBO Borrpocos, IlOCKOJihKY y))(e u:erroqKa 6eJIKa AJIHHOH B 

100 MOHOMepoB rrpH 20 THrrax KaHOHHqecKHX aMHHOKHCJIOT crroco6Ha HMeTh 

rropHAKa 10130 
BapHaHTOB. KpoMe TOfO, Ha Ka))(AOM 3Tarre HMeIOT MeCTO HeH

TpaJihHhie MYTaU:HH. 

EcTecrneHHhIM rryTeM AJIH pa3perneHHH 3Toro HecooTBeTCTBHH cTan rrepe

xo.n K paccMOTpeHHIO cnyqaìiHOCTH H H3MeHqJ1BOCTH e I103HU:HH 6noqHOH 3BO

JIIOU:HH, B TOM qucne Ha reHeT11qecKOM ypOBHe ( OCHOBHhIM rrpHHU:HITOM B03-

Hl1KHOBeHH51 H 3BOJIIOU:HH rettos, PHK, 6enKOB 11 ux c11cTeM HBJIHeTCH rrp11ttu:11rr 

6noqHoìi CTPYKTYPhI, r11e 6noKaM11 cn~aT cpparMeHThI y)l(e cymecrny10m11x 
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MaKpOMOJJeKyn). TaK, 6JJO'IHa.SI CTp)'K'fypa rno6yn.SipHbIX 6eJJKOB npo.S1BJJ.S1eTC.S1 B 

npouecce HX csopaqwsaHH.SI (caMoopraHH3auww), B pe1ynhTaTe KOToporo cpop

MHPYJOTC.SI 6noqHo-cpyHKUHOHHpyro111we TpeTHqHbie H qeTBeprnqHbie cTpyKTy

pbI. Cxo,llHhitt npouecc caMoopraHH3aUHH ocy111ecTBJ1.S1eTC.S1 TaK)J(e npw cpopMH

posaHHH BTopwqHoii CTPYKTYPhI cpyHKUHOHaJJbHhIX H reHOMHbIX PHK (T-PHK, 

p-PHK H ,llp.) [90]. <l>aKTHqecKH pe% H)leT o nepexoae OT JlHHeHHOtt napa,llHr

Mbl cnyqattHbIX He3aBHCHMbIX MyTauHH K napaaHrMe HeJlHHeHHOro CHCTeMHO

ro cpopMHpOBaHH.SI reHOMHbIX H3MeHeHHH. 

B KJJeTKax aeì1cTByIOT MexaHH3MhI penapauwii, peKoM6HHauwii, TPaHcno-

3HUHH H ,llp., npwqeM HaJJHqHe OOBTOpOB pe3KO ysenwqwsaeT sepO.SITHOCTb 

3JleMeHTapHbIX aKTOB, Jle)J(all.IHX B OCHOBe H3MeHqHBOCTH - 3aMeH, )leJJeHHtt, 

.llYOJJHKal(HH, HHBepCHH. A HCTOqHHK H3MeHl.fHBOCTH orpaHwqeH, B OCHOBHOM, 

y)J(e anpo6wposaHHbIMH B ,llaHHb!X ycJJOBH5IX 6noKaMH HeraTHBHbIX MyTauHtt . 

B KaqecTse npHMepa paccMoTpHM nepexoa oT rannOH.llHOro npoKapHOTwqecKoro 

K )lHnJJOH,llHOMY 3yKapHOTHl.fecKOMY reHoMy. Ha onpeaeneHHOM 3Tane 3BOJJIO

UHH KaqecTBeHHOe H3MeHeHHe nepe)lal.fH B03pacTaIOmeii HHcpOpMal(HH CTaJlO 

HeB03M0)J(H0 6e3 pe3KOro pocTa pa3Mepa reHOMa. 11 OOCKOJlbKY pa3Mep reHOMa 

rrpoKapHOTOB HMeeT sepXHIOIO rpaH11uy, o6ycJIOBJleHHYIO qwcJJOM sepO.S!THblX 

MyTal(HH, TO npeO)lOJieHHe 3TOro rropora CTaJIO B03M0)J(HblM rrpH nepexoae K 

)lHIIJlOH)lHOCTH, qTo yseJIHqHJlO B03M0)J(H0CTb HOBbIX 6JJOl.fHbIX KOM611Hau11ii H 

pa3Mep reHOMa B 2 pa:Ja [90]. 
TipHH.SITO paccMaTPHBaTb ase xapaKTepHCTHKH npo.SIBJJeHH.SI MYTauwii -

qacTOry 11 HOpMy. T.facmoma Myma4uu - 3TO sepO.S!THOCTb, e KOTOpOH rrpH 

TPaHCKpHrruHH )J.HK npoHCXO.llHT HesepHbIH CHHTe3 HYKJieOTH)la, BHe 1aswc11Mo

CTH OT HarrpasneHH.SI MYTau1111 (nonm1<11TeJihHOro HJIH orpwuaTeJlhHoro). A 11op
Ma Myma4uu onpeaen.SieTC.SI KaK KOHel.fHa51 H ycTaHosneHHa.SI s xo,lle Ha6m-0)le

HHtt qacTb oco6eii B IIOIIYJI.SIUl111, y KOTOpblX MYTauH.SI !IO O)lHOMY 113 np113HaKOB 

npo.SIBHJiach B Tel.feH11e )J(l13Hl1 O,llHoro noKoneHH.SI. B3al1MOCB.SI3b Me)J(ay 3THMH 

rroH.S1Tl1.S1M11 HeO)lH03HaqHa. Bo-nepBbIX, He Ka)J()la.SI MYTau11.S1 np11soa11T K 111Me

HeH11IO rrpH3HaKOB (Harrp11Mep, «MOJiqa11111e» MYTau1111), a BO-BTOpbIX, MHOrHe 

MYTau11H MOrYT Bbl3bIBaTb JleTaJlbHb!H 11CXO)l H , CJie,llOBaTeJibHO, He np05IBHTbC.SI 

B IIOTOMCTBe. 1IaCTOTa MYTau11ii He OOCT05IHHa H He O,llHHaKOBa )lJI.SI pa3Hb!X re

HOB pa3Hhrx opraHH3MOB. 1IacToTa MYTau11ii HeKOTOpbIX O)lHOKJieTOl.fHhIX opra

Hl13MOB, TaKHX KaK 6aKTep1111 H apyr11e MHKpoopraHH3Mbl, KOJie6JieTC51 B npe,lle

nax OT l 0-6 )lO 10-8
. l1Haqe, OT,lleJibHbIH reH MO)J(eT MYTHposaTb TOJibKO B 0,llHOtt 

KJleTKe Ha l MJ!H 11JlH Ha l 00 MJ!H KJleTOK O)lHOro OOKOJieHH51. OnpeaeJJ.SITb qac

TOTY MYTau11ii B CJIO)J(HbIX a11nno11)lHbIX opraHl13Max TPY.llHee. Bo-nepBbIX, 111-

MeHeH11.S1 cpeHOTl1na MOrYT COOTBeTCTBOBaTb MYTaUH5IM B p.S!)le reHOB, oco6eHHO 

ecn11 3TO cJJO)J(HbIH opraHH3M. Bo-BTOphrx, CJJO)J(Hbie opraHH3MhI noasepraIOTC.SI 

113MeHeHl1.SIM Ha npOT.Sl)J(eHHH scero rrep11o)la HH,llHBH)lyaJibHOro pa3B11Tl1.SI, 11 

cpeHOTl1n e OTKJIOHeHH.SIMH OT HOpMbI MO)J(eT 00.SIBHTbC.SI B pe1yJibTaTe HeHop

MaJibHOro pa3BHTH.SI, a He TOJlbKO MYTau1111. B-TpeTbHX, ecnw opraHH3M roM0111-

roTeH !IO aJIJieJlIO )ll1KOro Tl1na, TO )lJI51 npO.S!BJieHH.SI roM0311rOTHOro peuecc11B-

e 
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Horn <PeHornna rrorpe6y10TC5i .use 11.ueHT11qHb1e Myrau1111. [126]. Y qenoseKa 11 

.upyr11x MHOroKJieTOqHbIX Myra111111 rrp011CXO,ll,5!T Ha 3-4 I10p5i,D,Ka pe)f(e. reHOM 

qeJIOBeKa co.uep)f(11T OKOJIO 30 Tb!C. reHOB, TI03TOMY B Ka)f(,ll,OM TIOKOJieHl111 OKOJIO 

113 raMeT 3TOH rrorryJI5!U1111 Hecyr HOBbie Myra111111 no KaKOMy-n1160 reHy. 

Myra111111, 06ecrreq11sa10U111e opraH113MY 611onorw1ecK11e rrpe11MYUieCTBa 

n1160 orp1111aTeJihHO cKa3hIBalOU111ec5! Ha ero )f(l13Hecnoco6HocT11, coxpaH5!10T

c51 11n11 Y,L\aJI5ilOTC5i 113 reHoB norryn51111111 B rrpouecce ecTecrneHHoro OT6opa. 

Il03TOMY TIOKa3aTeJieM peaJibHOH qacTOTbl B03Hl1KHOBeHl15i MyTa1111ì1: 5iBJI5ieTC5i 

CKOpOCTb HaKOIIJieHl15i TaK Ha3bIBaeMb!X Heì1TpaJibHb!X MyTa1111ì1, He rro.usep

)f(eHHb!X oT6opy. ABTOpbr [ 12 7] cpasH11JI11 raK11e HeìhpanhHbie rrocne.uosa

TeJihHOCTl1 HyKJieOT11.UOB y B11,ll,OB, 11Me!OU111X 06U1ero rrpe.uKa - llll1MTiaH3e 11 

qenoseKa. YpoBeHh Heì1:TpanbHbIX Myra1111ì1: HepaBH03HaqeH Ha pa3n11qHhIX 

yqacTKax xpoMOCOMbI, qTo onpe.uen5ieTC5i BJil15iHl1eM rrocne.uosaTeJibHOCTl1 ,[(HK 

Ha CKOpOCTb HaKOTIJieHl15i MyTau11ì1:. TaK, ,ll,Jl5i rrocne.uosaTeJihHOCTeH, co.uep

)f(all111X oqeHb 60Jibll!Oe KOJI11qecrno rrap HyKJie11HOBb!X OCHOBaHl1H (CpG) rya

Hl1Ha (G) 11 Xl1M11qecK11 MO.U11<P111111posaHHOro (Hanp11Mep, MeTl1JI11pOBaHHOro) 

U11T0311Ha (C) xapaKTepHa Bb!COKa5i qaCTOTa MyTa1111ì1. KpoMe Toro, 11 HaJI11q11e 

X11Ml1qecKOH MO.U11<P11Kau1111 CpG-.uyrrneTOB IIOBbIIIIaeT 11X socrrp1111Mq11socTb K 

MyTaU115!M, qTo rrp11BO,ll,11T K 11X IIOCTerreHHOMY BbIBe,UeHl1!0 113 reHOMa. 3Ta 3a

Bl1Cl1MOCTb 6brna 11crroJib30BaHa .UJI5i 113yqeH115i BJil15!Hl15i CpG-.uyrrneTOB Ha 

qacToTy Myra1111ì1 B co.uep)f(all111X Manoe Kon11qecTBO 3Tl1X .uynneTOB rrocne.uo

BaTeJihHOCT5iX HYKJieOT11.UOB rryreM TIIIaTeJibHoro cpasHeH115i «CTapbIX» 11 «MO

JIO.UbIX» IIOCJie,UOBaTeJibHOCTeì1. 

ABTOpbI 1111T11pyeMoì1 pa6oTbI cpasH11JI11 co.uep)f(aH11e CpG-.uyrrneToB 11 

KOJI11qeCTBO 113MeHeHl1H ,[(HK B HeaKTl1BHbIX L l-TpaHCII030Hax, BXO,ll,5ill111X B 

COCTaB reHOMOB 'leJIOBeKa 11 lll11MIIaH3e. 3Tl1 .upeBHl1e M0611JibHb!e IIOCJie.uo

BaTeJibHOCTl1 ,[(HK, caMOKOI111pOBaBIIIl1eC5! 11 pacnpocTpaH5iBIIIl1eC5i no reHo

MY HaIIIero o6IIIero npe.uKa, B HaCT05!U1ee speM5! 5!BJI5i!OTC5i nacc11BHhIM11 

«,[(HK-11CKOIIaeMbIMl1», MyTa111111 B KOTOpbIX HOC5!T HeHTpaJibHb!H xapaKTep. 

EIIIe paHbIIIe 6hrno 3aMe'leHo, qTo qeM cTapIIIe L l-TpaHcno3oH, TeM MeHbIIIe 

CpO-.uyrrneTOB OH co.uep)f(11T. 0.uHaKo 6onee TIIIaTeJibHOe cpasHeH11e cocrnsa 

IIOCJie)l,OBaTeJibHOCTeH TpaHCII030HOB IIOKa3aJIO, 'JTO cyIIIeCTByeT onpe.ue

JieHHb!H nopor co.uep)f(aH115i CpG-.uynneTOB, .uocT11)f(eH11e KOTOporo np11so

)l,l1T K pe3KOMY CHl1)f(eHl1!0 qacTOTbI MyTa1111ì1:. EIIIe 6onee 11HTepeCHb!M OKa-

3aJIC5i TOT <PaKT, qTo .uocT11)f(eH11e 3Toro nopora 3Ha'l11TeJibHO MeH5ieT xapaK

Tep Myrau11ì1. 

IIp11se.ueHHbie pe3yJibTaTbI 03Ha'la!OT, 'lTO CpG-.uyrrneTbI He TOJihKO no

BhIIIIaIOT qacTOTY MyTa1111ì1: OKp~alOIIIeì1 11X IIOCJie,UOBaTeJibHOCTl1, HO 11 

BJil15i!OT Ha MexaH113MbI B03Hl1KHOBeHl15i Myrau11ì1:. ABTOpbl OKpeCTl1Jil1 3TO 5!B

JieH11e «CpG-::i<P<PeKTOM». l1.ueHrn<l>11Ka111151 3Toro ::i<P<PeKTa rro.nrnep)f(.uaeT rn

noTe3y, cornacHo KOTopoì1: qacTOTa Myra1111ì1: onpe.uen5ieTc5i He CTOJibKO JIOKa

n113a1111eì1 <l>parMeHTa ,[(HK Ha xpoMOCOMe, CKOJibKO oco6eHHOCT51Ml1 caMOH 

IIOCJie)l,OBaTeJibHOCTl1 ,[(HK. 
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Bee KlleTKl1 opraHl13Ma e nOMO'-QbIO Cl1CTeM KOHTPOll51 11 penapau1111, OCHO

By KOTOpbIX COCTaBllJIIOT pa3HOHanpaBJieHHbie <jlepMeHTbl, KOMneHC11pyJOT pOCT 

11 HaKonnett11e '!aCTOTbI MYTau11ii. Ecn11 nospe)j(.ueHa TOJihKO o.utta Hl1Tb ,n:HK, 

<jJepMeHTHbie c11cTeMbI penapau1111 BbipeJaIOT ee nospe)j(.ueHHbIH yqacTOK (ny 

onepau11IO BbinOJIHJIIOT <jlepMeHTbl 3H.UOHYKflea3bI), JaTeM .UOCTpa11saeTC5I «npa

Bl1JibHblH» yqacTOK .Ll,HK (1ry onepau11IO BbinOJIHJIIOT ,n:HK-non11Mepa3b1) 11 Ha 

nocne.uHeM 3Tane BOCCTaHOBneHHbIH yqaCTOK Cll!l1BaeTC51 e KOHUaMl1 Hl1TM, oc

TaBll!MMl1C51 nocne Bb1peJaH11J1 nospe)!(.UeHHOro yqacTKa (1ry onepau11IO Bbmon

HJIIOT nMraJ1>1). CYLQeCTBYIOT 11 .upyrne <jJopM1>1 penapau11M: np11 YTPaTe aJOT11-

cToro OCHOBaHl151 B HyKJieOT11.Ue np011CXO.U11T ero np51MOe BCTPa11BaH11e (3TO Ka

caeTCJI a.ueHMHa M ryaHl1Ha), OTLQenJI51eTC51 MeTl1JihHa51 rpynna M .up. 0JlHaKO 

np11 60Jihll!OM '111CJie nospe)!(JleHMH .Ll,HK OHM MOrYT CTaTb Heo6paT11MblMl1 -

penapau110HH1>1e c11cTeMhI MOrYT He ycnesaTh 11cnpaBJIJ1Th nospe)!(.ueHMJI MJil1 

nospe)!(JlaIOTCJI caM11 <jJepMeHThI. Heo6paT11Mh1e nospe)j(.ueHl151 ,n:HK np11BOJl5IT 

K n051BJieHl1IO CTOHKMX 113MeHeHl1H HaCJieJlCTBeHHOH l1H<jJOpMau11M. 

B JaBMC11MOCT11 OT np11'!11HhI BOJHMKHOBeHMJI MYTau11M MOI'YT ttocMTh 

cnoHTaHHhIH 11 l1HJlyu11posaHHbIH xapaKTep. CnoHTaHHhie MyTau11M B03Hl1KaIOT 

caMonp0113BOJihHO Ha npOT51)!(eHMl1 BCeH )!(113Hl1 opraHl13Ma npM HOpManbHhIX 

ycnosmrx OKp~aIOLQeH cpeJlhl e '!aCTOTOH OKOJIO 10-9 -10- 12 
Ha HYKJieOTMJl Ja 

KJieTO'IHyIO reHepaumo, a l1HJlYU11pOBaHHbie - B pe3YJihTaTe B03.UeHCTBM51 MHO

rO'll1ClleHHh!X MYTareHHhIX <jlaKTopos. 

K XMMM'leCKl1M MYTareHaM OTHOC51TC51 caM1>1e pa3Hoo6pa3Hbie seLQeCTBa -

KceHo6MOTMKl1. TaK, anK11n11pyI01Q11e areHThI Bhl3hIBaIOT MJMeHeHMe .Ll,HK no 

CBOeMy o6paJy 11 no.uo6MIO (MeT11n11poBaH11e, 3T11llMpOBaHMe M T. Jl.), B pe3yJib

TaTe qero np11 penJI11Kau1111 .Ll,HK HapyruaeTCJI np11HuMn KOMnJieMeHTapHOCTl1 11 

npo11cxo.UMT JaMeHa HYKIIeOT11.UHhIX nap (rnK11M )!(e o6pa30M Ha .Ll,HK BOJ.UeH

crnyIOT rMJlpOKc11naM11H 11 H11TPaTb1). HeKOTOp1>1e aJIK11n11pyI01Q11e areHThl ( cy

nepMyTareH1>1) nonyqeHhI TOJihKO McKyccrneHHhIM nYTeM (HanpMMep, N-MeT11n

N-H11TpOJOMO'leB11Ha), no1T0My <jJepMeHTbI JalQMTHhIX c11cTeM MX He pacno

JHaIOT. CyLQecTsyeT TaK)!(e MHO)!(eCTBO x11M11'!ecK11x areHTOB, onocpeJloBaHHO 

Bhl3hIBaIOLQMX MYTau1111. Hanp11Mep, 110Hhl TJl)!(eJihJX MeTannos, CB513bIBa51cb e 

<jJepMeHrn~rn penn11KauM11, penapauM11 11 peKoM611Hau1111, CHl1)!(alOT 11x <jlep

MeHTaTMBHYIO aKT11BHOCTb, T. e., He 51BJI5151Cb MYTareHaM11, 3TM 110Hhl cnoco6cT

ByIOT Il051BlleHMIO MyTau11il. 

B pe3YJihTaTe Henocpe.ucTseHHoro so3.ueilcrn1151 110H11J11py101Qero 113nyqe

Hl1J1 npOMCXOJll1T pa3pb!B .Ll,HK, l1HJlyu11pyI01Ql1H xpOMOCOM Hble nepecTpOHKM 

Ha scex CTaJlM51X KJieTO'IHOro u11Kna. Onocpe.uosaHttoe soJ.ueilcTs11e MOHM311-

PYI01Ql1X <jlaKTopos CB513aHo e HapyrueH11eM CTPYKTYPhI <jJepMeHTOB, KOHTponM

PYI01Ql1X pennMKauMIO, penapau11IO 11 peKoM61rnaumo .[(HK 11 BbIJhIBaeT reH

Hhie 11 xpoMocoMHhie MYTau11M. '.:ho csoiicTso 11cnon1>JyeTcJ1 npM o6ny'leHMM 

paKOBh!X KJieTOK, nOCKOJihKY HenpepbIBHO .uen511Ql1eC51 paKOBhle KJieTKl1 6onee 

yJ1JBMMhI, '!eM Me.uneHHO npoJrn<jlep11pyIOLQ11e 11n11 Henpon11<jJep11pyIOLQMe 

HOpMaJihHble KneTKl1. Tip11 B03.UeHCTBl111 )!(eCTKOro ynhTPaqmonern e .UJI11HOH 
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BOJIHhl OKOJIO 254 HM rrpOHCX0,11,HT pa3phIB KOBaJieHTHhJX CB~l3efi, 11 B ,11,BOHHOìi 

crrrrpanrr ,ll,HK rrp011CXO,!l,I1T HapyJJieHrre rrp11HJJl1IJa KOMIJJieMeHTapHOCTl1. 3Kc

TpeMaJihHhie TeMrrepaTyphl TaIOKe rrpHBO,!l,5!T K B03Hl1KHOBeHl1IO reHOMHh!X My

TaJJHH 11 CHl1)!<aIOT cjiepMeHTaTl1BHYJO aKTHBHOCTh perrapaJJl10HHh!X Cl1CTeM, qTO 

crroco6cTBYeT yc11neH11IO ,11,eficTBl15! ,11,pyr11x MyTareHoB. 

Ba)lrnefiJJI11M11 rrpe,11,cTaB11TeJI5!M11 611onor11qecK11x MyrareHOB 5!BAAIOTC5! 

perpos11pych1 11 perporpaHcrro3oHhI. B u11KJie perrpo,11,yKu1111 6oJihJJIOro ceMeìicT

sa peTpOBHpycos cymecTBeHeH o6paTHhJH IJOTOK reHeT11qecKOH 11HcpOpMaJJl1I1: 

BMecTO o6hlqHoro rryr11 rpaHCKp11IIJJl111 - OT ,ll,HK K PHK, B 3TOM cnyqae nepe

n11chrnam1e npo11cxo,11,11T B o6paTHOM HanpasneH11rr. PerporpaHcno3oHhI - reHe

T11qecK11e 3JieMeHThl, KOTOpb!e MOryT caMOBOCIIpOI13BO,!l,I1ThC5! B reHoMe. W11poKO 

pacrrpocrpaHeHhl peTpOTpaHCII030Hhl cpe,11,rr MHorrrx Bl1,!1,0B pacTeHHH 11 )1(11BOT

Hh!X ( 49- 78 % reHoMa y KYKYPY3hI, nop5!,D,Ka 90 % - y nJJieH11JJhI, 45-48 % -
y MJieKOIJI1Ta!OIJJl1X, OKOJIO 42 % - y qeJIOBeKa). 

B xo,11,e 3BOJIIOJJ1111 y np11MaTOB II05IBl1JIOCh MHOro HOBh!X reHOB (s OCHOB

HOM s pe3yJihTaTe ,11,ynJI11Kau1111 npe)l(Httx). 0,11,11H 113 TaKrrx reHOB, CDCJ 4Bretro, 
TI05IBHJIC5! y o6mero npe,11,Ka qenoseKoo6pa3HhIX o6e3h5!H B pe3yJihTaTe cpyHK

JJHOHrrposaH115! peTpOTpaHCIJ030HOB. ,ll,yrrJIHKaJJI15! reHOB 5!BJrneTC5! Ba)l(Hefi

rneìi rrpe,11,nOCh!JIKOll ,!1,JI5! IJ05!BJieHI15! HOBh!X cpyHKJJHll B xo,11,e ecTeCTBeHHOro 

OT6opa: 0,11,Ha 113 KOIJl1H npo,11,0JI)l(aeT BhJIJOJIH5!Th 11CX0,!1,HYIO cpyHKJJl1IO, a BTO

pa5! MO)l(eT rro,11, ,11,eìicT011eM MYTaJJHìi 11 oT6opa nprro6pecT11 HOBYIO cpyHKJJHIO . 

CymecTsyeT ,11,sa OCHOBHhIX MexaHH3Ma y,11,soeHH5! reHos: «06h1qHam> ,11,ynn11-

KaJJ115! cjiparMeHTOB ,ll,HK 11 peTpo,11,ynJI11KaJJ115! (,11,ynn11KaJJ115! B pe3yJihTaTe ,11,e51-

TeJihHOCT11 cjiepMeHTOB - o6paTHh!X TpaHCKprrrrTa3), reHhl KOTOph!X BX0,!1,5IT B 

cocTaB Mo611JihHhIX reHeTwiecKrrx 3JieMeHTOB - perpoTpaHcno30Hos. Pa3-

MHO)l(eH11e peTpOTpaHCIJ030HOB npoHCXO,!l,11T CJie,11,yIOIJJHM o6pa30M: KJieTKa 

ocymecTBAAeT np5!MYIO TpaHCKp11IllJl1!0 (c11HTe3 Ha MaTp11ue ,ll,HK MO.JieKyJihl 

PHK) peTpoTpaHcno3oHa, 3aTeM PHK rrcnoJih3yeTC5! ,11,n51 c11HTe3a 3aKo,11,11po

saHHoro B Hefi 6eJIKa - o6paTHOH TpaHCKprrnTa3hl, KOTOpM MO)l(eT Cl1HTe311-

posaTh Ha Marp11ue PHK KOMnJieMeHTapHhifi eìi cjiparMeHT ,ll,HK rr BCTpo11Th 

ero B X035IHCKYIO xpOMOCOMy. 

06paTHh!e TpaHCKp11TITa3hl rrepen11Cb1BaIOT B ,ll,HK X035!11Ha HHcpOpMaJJHIO 

He TOJihKO co «CBOl1X» MOJieKyJI PHK, co3,11,asa51 HOBhie Korrrr11 peTpoTpaHcno-

30HOB, HO rr e «X035!HCKHX» PHK, co3,11,asa51 «JI11JJIH11e» Kon1111 X035IttCKl1X re

HOB. PeTpo,11,ynJIHJJ11posaHHhie reHhI OTJI11qa10TC5! OT 06h1qHhIX 0TcyTcTs11eM 

HeK0,!1,Hpy10w:rrx BCTaBOK - HHTpOHOB, KOTOpbie Bh!pe3aIOTC5! 113 MOJieKyJihl 

PHK. B 11TOre noJiyqaJOTC5! MaTprrqHhie PHK, 11cnoJih3YeMhie KJieTKOfi ,D,JI51 

Cl1HTe3a 6eJIKa 11 o6paTHhIMI1 TpaHKp11rrTa3aM11 ,!1,JI5! co3,11,aHH5! peTpoKorr11ìi. Ka

)l(,!l,a5! peTpOKOIJ1151 MO)l(eT OKa3aThC5! 111160 pa6oTaIOIJJeìi (peTporeHOM), JII160, 

'laIJJe scero, Hepa6oTaIOIJJeìi (peTponces,11,oreHoM). 

PerporeHhI s 3BOJIIOJJHH rrprrMaToB, s TOM qrrcne qenoseKoo6pa3HhIX (r116-

60HOB, opaHryTaHOB, ropHJIJI, JJII1MIJaH3e I1 JIIO,D,efi), IJ05IBJI5!Jil1Ch ,11,0BOJihHO qac

TO. reH CDCJ 4Bretro IJ05IBl1JIC5! 18-25 MJJH JJeT Ha3a,D, y o6mrrx rrpe,11,KOB roMl1-
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HOH)lOB B pe3yJihTaTe peTpo)lynn11Kaum-1, a ero nepBhIH sap11aHT - CDCJ 4B -
l105JBHJIC5! eme y O)lHOKJieToqHhIX 3yKap110T. l1cxO)lHhIH reH CDCJ 4B y np11MaTOB B 

XO)le 3BOJII-OUHH IIO.D;Beprc5! aJihTepHaTHBHOMY CIIJiaHCHHry. Bee ero qeTb!pe no

CJie)l)'lOll{HX Bap11aHTa BblIIOJIHHI-OT npHBbJqttyJO cpyttKUHI-0 - pa60TalOT (3KCnpec

CHp)'lOTC5!) so scex TKalU!x opratt113Ma qeJioBeKa, a perp0Kon1UI CDC14Bretro -
TOJibKO B M03re 11 CeMeHHl1Kax, T. e. noMeHHJia cpyttKU111-0 [ 128]. 

B xo)J,e 3BOJII-OUHH ttyKJieOTH)J,Ha5! nocJie.uosaTeJJhHOCTh peTporeHa npe

Tepnena p5I)l 113MeHeH11tt. J13secTHO, •no HYKJieOT11.UHhie 3aMeHhI .ueJI5JTC5! Ha 

CHHOHHMl14Hhie (He se1.1ym11e K 113MeHeHHI-O CTPYKTyphI Ko.u11pyeMoro 6eJIKa) 11 

Hec11HOH11M11qHhie, 11n11 3Haq11Mh1e (y4acTByI-Om11e B oT6ope). Tio3TOMY no co

OTHOUieHHI-O Cl1HOHl1MHqHbIX 11 3HaqJ1MbIX 3aMeH MO)!(HO cy)lHTb o TOM, Haxo

)lHJIC5J JIH .uaHHhIH reH no.u .ueiicTBl1eM o.uHoro 113 .usyx sap11aHTOB OT6opa. Ec

JIH CHHOHHMJ1qHbIX 3aMeH MHOro, a 3Ha411Mb!X MaJIO, TO reH HaXO)lHJIC5J no.u 

.uettCTBHeM oq11ma1-0mero ( cTa6HJil13HpyI-Omero) OT6opa, KOTOpblH OT6paKOBbl

BaJI 6oJihUil1HCTBO 3Ha'IHMhIX 3aMeH. EcJI11 .UOJI5! 3Ha4HMhIX 3aMeH Bhillle o6bl4-

Horo, TO reH HaXO)ll1JICll no.u )leHCTBHeM noJIO)!(l1TeJJhHOro (.UB11)!(ymero) OT60-

pa, KOTOpbIH cnoco6crnoBaJI cp11Kcau1111 noJie3HblX H3MeHeHl1H. 

ABTOpaM [128] y1.1aJioch ycTaHOBl1Tb, qTo reH CDC14Bretro B xo.ue 3BO

JifOUHH roMl1HOH)lOB B OCHOBHOM HaXO)lHJIC5! no.u .ueìlcTBHeM CTa611JIH311pyI-O

mero OT6opa 11 TOJibKO B O)lHOH 3BOJII-OUHOHHOH Jll1HHl1 (14- 7 MJIH JieT Ha3a)l) 

06be)l11HeHH5! o6mero npe.nKa opaHryTaHOB 11 acpp11KaHCKHX qeJioBeKoo6pa3-

HbIX o6e3b5JH (.no OTBeTBJieHH5! JIHHHH, Be.nym11x K ropHJIJJe 11 K o6meMy npe.n

KY UIHMnaH3e 11 qeJIOBeKa) - no.n )leHCTBl1eM )lBH)!(yll.lero OT6opa. 3a 3TOT ne

pHO)l B rette 3acpttKc11poBaJiocb 12 3Haq11MbIX 3aMeH. EeJIKl1, Ko.n11pyeMbie 

CDCJ 4Bretro, y rn66oHa 11 opattryTaHa 110.no6Ho HX 6oJiee .npeBHeMy MOJJeKy

JJ5IpHoMy npe.nKy np11KpenJI5JI-OTC5! K M11KpOTpy6oqKaM. A 6eJIKH, Ko.n11pyeMhie 

TeM )!(e peTporeHOM y rop11JIJJbl, Jlll1MnaH3e 11 qeJIOBeKa, - npttKpenJI5JIOTC5! K 

MeM6paHaM 3H)lOnJJa3MaTl14eCKOH ceTl1, no.no6Ho MeHee .npeBHeMy Bap11aHTy. 

TaKHM o6pa30M, CYTh 12-T11 3Haq11MhIX 3aMeH cocT05JJia B H3MeHett1111 JJOKaJI11-

3au:tt11 6eJIKa, a Tp11 113 3Tl1X 3aMeH )lOJI)!(Hbl 6hIJIH 113MeHHTb CBOHCTBa aKTHB

Horo ueHTpa 6eJIKa - <jJoccpaTa3Horo )lOMeHa. 3TOT npt!Mep noKa3hJBaeT, KaK B 

pe3yJibTaTe .nynJI11Kau1111 reHOB H lJOCJie)ly10m11x Myrau11ìl B xo.ne OT6opa MO

ìKeT B03Hl1KHYTb 6eJIOK e HOBblMH CBOHCTBaM11 11 cpyHKU115JMH . 

CymecTsyeT HeCKOJihKO KJJacc11cpttKau11ìi MyTau11ìi no pa3JIH4HbIM Kp11Te

pm1M, HO, KaK npaBHJIO, B cospeMeHHOH mnepaType 11cnOJih3yeTC5! KJiacc11cp11-

KaU:H5!, OCHOBaHHa5! Ha xapaKTepe 113MeHeHl15! CTPYKTYPbI OT)leJihHhIX reHOB, 

xpoMOCOM H reHOMa B l.\eJIOM. 

1. reHOMHbie MyTaUHH MOryr KaCaTbC5l BCeX XpOMOCOM (nommJIOl1)l115!) HJIH 

OT)J,eJibHblX xpOMOCOM (aHeynJIOH)lm1). B IIOCJJe):(HeM CJiyqae MO)!(eT )l0-

6aBJI5!TbC5! OT)leJibHa5! xpoMOCOMa (TpHCOMlrn) 11JIH yqaCTBOBaTb, BMeCTO 

11apbl, O)lHa xpOMOCOMa (MOHOraM115!). JTl1 MyTaUHl1 pe)lKO OKa3bJBalOTC5! 

)l(H3Hecnoco6Hh!MH, HO B cJiyqae peaJI113au1111 qacTO npttBO)l5JT K JJeTaJib

HOMY 11cxo.ny eme B npouecce 3M6p11oreHe3a 11JIH K spOìK)leHHhIM nopo-

e 
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Ho11.uos B pe3yJJhTaTe peTpo.uynn11Kau1111, a ero nepBhIH sap11aHT - CDCJ 4B -
nosiBIIJICH eme y O.UHOKJJeTOqHhIX 3YKap110T. Mcxo.UHhIH reH CDCJ 4B y np11MaTOB B 

xo.ue 3BOJJIOL(IIl1 no.useprcsi aJihTepttaTIIBHOMY cnJiaìicIIHry. Bee ero lJeThipe no

cne.uyIOmIIx sap11aHTa Bh!IlOJIHHIOT np11BhllJH)'IO <PYHKL(IIIO - pa6oTa!OT (3Kcnpec

CIIPYIOTCH) so scex TKaHHx opraHl13Ma qenoseKa, a perpoKOilIISI CDC14Bretro -
TOJihKO B M03re II ceMeHHl1KaX, T. e. IlOMeHsiJJa <PYHKL(Il!O [ 128]. 

B xo.ue 3BOJJIOL(1111 ttyKJJeoT11.uttasi nocne.uosaTeJJhHOCTh peTporetta npe

TepneJia psi.u 113MeHeHttìi. J13secTHO, lJTO HYKJJeOTil.UHhie 3aMeHhI .ueJIHTcsi Ha 

CIIHOHilMillJHhJe (He se.uym11e K 113MeHeHl1!0 CTpyKTyphl KO.UttpyeMoro 6eJIKa) 11 

HeCl1HOHl1Ml1qHhie, 11Jll1 3HalJl1Mhie (yqacTBY10m11e B OT6ope). l103TOMY no co

OTHOWeHl1!0 CllHOHl1Ml1lJHhlX 11 3HalJilMhlX 3aMeH MO)l(HO cy.u11Th o TOM, Haxo

.UIIJJCH JJil .uaHHhIH reH no.u .ueìicTs11eM o.uHoro 113 .usyx sapttaHTOB oT6opa. Ec

Jlll Cl1HOHilMl1lJHhIX 3aMeH MHOro, a 3HalJl1MhlX MaJIO, TO reH HaXO.l{l1JICSI no.u 

.ueìicrn11eM OlJ11ma10mero ( CTa6IlJJ11311py10mero) OT6opa, KOTOphIH OT6paKOBhl

BaJI 6oJJhillllHCTBO 3HalJ11MhIX 3aMeH. Ecn11 .uonsi 3HalJHMhIX 3aMeH BhIWe 06h1q

Horo, TO reH HaXO.l{IlJICSI no.u .ueìiCTBl1eM IlOJIO)l(IlTeJlhHOro (.UBl1)1(ymero) OT6o

pa, KOTOphIH cnoco6cTBOBaJI <P11Kcau1111 IlOJJe3HhlX Il3MeHeHilÌi. 

AsrnpaM [128) y.uanoch ycrnHOBl1Th, lJTO reH CDC14Bretro B xo.ue 3BO

JJIOL(l1Il roMIIH011.l{OB B OCHOBHOM HaXO.l{l1JlCH no.u .ueìiCTBileM crn6111111311py10-

mero OT6opa 11 TOJihKO B 0.l{HOH 3BOJJIOL(Il0HHOH Jil1Hlll1 ( 14- 7 MJlH JJeT Ha3a.U) 

06be.UttHett11si o6mero npe.uKa opaHryrattos 11 a<Pp11KaHCK11x qenoseKoo6pa3-

HhIX o6e3hSIH (.uo OTBeTBJleHl1SI JIHHl1H, se.uym11x K ropHJIJle 11 K o6meMy npe.u

KY WHMnatt3e Il qenoseKa) - no.u .ueìicTsHeM .UBH)l(ymero OT6opa. 3a 3TOT ne

p110.u B rette 1a<PttKc11posanoch 12 3HalJl1MhIX 3aMeH. EenKH, Ko.u11pyeMhie 

CDCJ 4Bretro, y rn66oHa Il opattryrnHa no.uo6Ho 11x 6onee .upeBHeMy MOJJeKy

nsipttoMy npe.uKy np11Kpennsi10Tcsi K MHKpOTpy6olJKaM. A 6enK11, KO.UHpyeMhie 

TeM )!(e peTporeHOM y ropllJJJlhl, W11MilaH3e 11 qeJIOBeKa, - np11KpenJIHIOTCSI K 

MeM6paHaM 3 H.l{OnJia3MaTl1lJeCKOH CeTH, no.uo6Ho MeHee .upeBHeMy sap11aHTy. 

TaKHM o6pa30M, CYTh 12-Tll 3HalJHMhIX 3aMeH cocTosina B Il3MeHeH1111 n0Kan11-

1au1111 6enKa, a Tp11 113 3THx 1aMeH .UOJI)l(HhI 6hrn11 111MeHHTh csoìicTsa aKT11B

Horo L(eHTpa 6eJJKa - <Poc<PaTa3HOro .l{OMeHa. 3TOT npttMep IlOKa3hJBa eT, KaK B 

pe1ynhTaTe .uyrrn11Kal.(Hll rettos li nocne.uy10mllx Myrauttìi s xo.ue o T6opa MO

)l(eT B03HHKHYTh 6eJJOK e HOBh!Mll CBOHCTBaMll H <PYHKL(l1SIMH. 

CymecTsyeT HeCKOJJhKO KJiacctt<PllKa1I11ìi MyTaIIHH no pa3JIH'!HhIM KpllTe

p11siM, HO, KaK npaBl1JIO, B cospeMeHHOH JlllTepaType 11CilOJlh3yeTCSI KJJacc11<Ptt

KaL(HSI, ocHoBaHHasi Ha xapaKTepe ll3MeHett11si CTPYKTYPhI OT.UeJihHhIX reHOB, 

XpOMOCOM li reHOMa B L(eJJOM. 

1. reHOMHh!e MyTal.(11ll Moryr KaCaThCSI scex xpoMOCOM (nOJJl1IlJIOil.l{11H) 11Jll1 

OT.UeJihHhIX xpoMocoM (aHeynno11.u11si). B nocne.uHeM cnyqae MO)l(eT .uo-

6asnsiThCSI OT.l{eJihHaSI xpOMOCOMa (Tp11COM11H) 111111 yqaCTBOBaTh, BMeCTO 

naphI, o.uHa xpoMocoMa (MoHoraMllsi). 3T11 MyTaIIllll pe.uKo oKa3hIBaIOTCsi 

)l(ll3Hecnoco6HhlMl1, HO B cnyqae peaJill3aL(l111 qacTO np11BO.l{SIT K JieTaJih

HOMY IlCXO.UY eme B npoL(ecce 3M6p11oreHe3a HJil1 K BpO)l(.l{eHHhlM nopo-

e 
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KaM pa3Bl1TIDI. Hanp11Mep, c11tt.upoM ,[(aytta o6ycnosneH TPl1COM11eii no 

21-ii nape xpoMOCOM 11 CBll3aH e HapyrneH11eM pll.ua np113HaKOB - 11CKa

)f(eHHbIMH <t>113HtieCKHMH .uaHHblMH H YMCTBeHHOH OTCTaJIOCTblO. 

2 . TipH xpoMOCOMHhIX MYTaUHllX npoHCXO.!l.SIT nepeCTPOHKl1 CTPYKTYPhI OT

.uenhHhIX xpOMOCOM: noTepl! (.ueneu11ll) HJIH y.usoeHHe l.faCTH (.uynJIHKa

U11ll) reHeTHl.feCKoro MaTepHaJia xpoMOCOM; 113MeHeHHe op11eHTau1111 cer

MeHTOB xpoMOCOM (HHBepC11ll); nepeHOC qaCTH reHeTHl.feCKOro MaTep11ana 

e O.UHOH XpOMOCOMbl Ha .upyry10 (TpaHCJIOKaum1). Tiocne.UHllll nepecTpoii

Ka .SIBJil!eTCll nepexo.uttoii <t>opMOH Me)f(.uy xpoMocoMHOH H reHHOH Myrn

UMllMl1. 

3. feHHhie MYTaUHH, B03HHKalOLQHe B nonoBhIX KJieTKax, nepe.ua10Tcl! no Ha

cne.ucTBY 11 npollBJI.SllOTCll TOJihKO B cne.uy10rueM noKoneH11H. Ha 3TOM 

ypOBHe 113MeHeHH.SI nepBHl.fHOH CTpyKTypbl ,[(HK reHOB no.u .ueiicTBHeM 

MYTau11ii Mettee 3Hal.fHTeJihHhI, l.feM npH xpoMOCOMHhIX MyTaU11llx, o.uHaKo 

reHHhie MYTaUHH BCTpeqa10Tcl! 6onee qacTo. B pe3YJihTaTe 3Tl1X MYTaUHH 

npOHCXO.!l.SIT noTepH, BCTaBKH, .uynJIHKaUHH H HHBepCHH pa3JIHl.fHbIX qac

TeH retta. Ecn11 no.u .ueiicTBHeM MyTaUHH H3MettlleTCll JIHIIIh O.UHH ttyKneo

TH.U, roBOpllT o TOl.fKOBblX MyTaU11llX. TIOCKOJlbKY B COCTaB ,[(HK BXO.!l.SIT 

a30THCThie OCHOBaHHll TOJlhKO .usyx THOOB - nypHHbl H nHpHMH.UHHhl, 

Bee TOl.fKOBbie MYTaUH11 e 3aMettoii OCHOBaHHH pa3.ueJI.S110T Ha .usa KJiacca: 

TPaH311u1111 (3aMetta nypHHa Ha nyp11tt HJIH nHpHMH.UHHa Ha n11p11M11.UHH) 

H TPattcsepc1111 (3aMeHa nypHtta tta n11p11M11.UHH HJIH Hao6opoT). 

Tip11MepoM rettHoii MYTaUHH MO)f(eT cn~HTh MYTaUHll, npHBO.U.SllUall K 

00.SIBJieHHIO cepnOBH.UHOKJieTOl.fHOH aHeMHH - Hacne.ucTBeHHoro 3a6oneBaHHll, 

KaK npas11no, np11BO.Ul!LQero K CMepTH. ,[(eTH, KOTOpbie nonyl.fHJ111 aHOMaJibHhlH 

reH OT O.UHOro H3 po.u11Teneii 11 HOpMaJibHhIH reH OT .upyroro, 6y.UYT JIHIIIb HO

CHTeJil!MH MYTaHTHoro retta, a npH nonyqeHHH aHoMaJihHhIX reHOB OT 06011x 

pO.UHTeJieH ( rOM03HroTHOe COCTOllHHe) pa3BHBaeTC.SI cepnOBH.UHOKJieTOl.fHal! 

aHeMH.SI. 0Kono 20 % HaceneHHll U:ettTPaJihHOH A<t>p11K11 H Cpe.uHJeMHOMOphll 

llBJllllOTCll CKpb!TbIMH HOCHTeJI.SIMl1 MYTaHTHOro retta «cepnOBH.UHOKJieTOl.fHO

CTH», H nopl!.UKa 1-1,5 % .ueTeii B 3TOH nonyn.siu1111 nor116a10T (roM03HroTHhie 

oco611). Ho np11 .uaHHOM THne att0Man1111 cymecTBYIOT H CBOH nnlOChI - B Ma

nllpHHHhIX 3oHax TPOOHl.feCKOH A<t>p11K11 aHoMaJihHhIH reH B reTepo311roTHhIX 

oco6l!X Bbl3bIBaeT ycTOHl.fHBOCTb K MaJillpHH. I1 3TOT npHMep He O.UHHOK. feH

Hbie MYTau1111, B OCHOBHOM, OTHOCllTCll K spe.UHhIM MYTaU11llM, nOCKOJlhKY Ha

pyrna!OT )f(H3HeHHhie npoueccbI, npoTeKa10ru11e B opraHH3Me, H pe)f(e B03HH

Ka!OT reHHhie MYTaUHH, ynyqrna10m11e Te HJIH HHhie ero csoiicTBa. Ho 3Ta 

<t>opMa reHHhlX MyTaUHH .UJill pa3BHT11ll nonyn.siu11ii/BH.UOB H OT.UeJibHbIX opra

HH3MOB HMeeT OrpOMHOe 3Hal.feHHe, IlOCKOJlhKY llBJil!eTCll He06XO.UHMbIM ycno

BHeM 3BOJIIOU1111. 

B pe3yJihTaTe MYTaUHH MOrYT H3Mettl!ThCll caMhie pa3JIHl.fHb1e 611ox11M11l.fe

CKHe, <t>11311onor11qecK11e 11 Mop<t>onor11qecK11e np113HaKH opraHH3Ma. B cTa6MJih-
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HhIX (Hel13MeHHhIX mm cna6o 113MeIDI!OllJl1XC51) ycnos1rnx cpe,nhI .UJIH 6onhllll1H

crsa oco6eì1 xapaKTepeH 6JUl3Kl1H K OIITl1MaJihHOMY reHOTl1II, a Myrau1111 BhI3hI

Ba!OT HapYllleH11e cpyHKU11H opraH113Ma, CHmKa!OT ero rrp11crroco6JieHHOCTh 11 

MOryr rrp11seCTl1 K CMepT11 oco611. TaK, Myrau1111 B MHOfOKJieTO'IHhIX opraHl13Max 

qacTO rrp11BOAAT K yttl1'1TO)l(eHl1!0 KJieTKl1 11 .na)l(e K rrporpaMM11pyeMOH CMepT11 

KJieTKl1 - arrOilT03Y, Myrau1111 B COMaT11'1eCKOH KJieTKe - K 3JIOKa'leCTBeHHhIM 

11Jil1 .no6poKa'JeCTBeHHhIM HOB006pa3oBaHHHM, Myrau1111 B IIOJIOBOH KJieTKe - K 

113MeHeHl1JO CBOHCTB opraHl13Ma-rrOTOMKa. 0.nHaKO, KaK Mhl s11.ne1rn B cnyqae 

ceprrOBl1,UHOKJieTO'IHOH aHeMl111, Myrau1111 MOryr rrp11seCTl1 11 K II051BJieHl1!0 y op

raHl13Ma HOBhIX none3HhIX rrp113ttaKos - a.narrrau110HHhIX. Ho rrorryJIHI..11151 3a 

a.narrTau1110 ((IJJJaTl1T)) reHeTl1'1eCKl1Ml1 OTKJIOHeHl151Ml1. 

Myrau1111 B03Hl1KaJOT IIOCT051HHO, 11 MHOr11e 113 Hl1X crroco6Hhl ,UJil1TeJihHO 

coxpaH51ThC51 s rronyn511.11111 s cKphlTOM s11.ne (peuecc11BH&1e Myrau1111). TaK, 

«MOJI'lam11e» MyTau1111, np11BOAAllJl1e K o6pa30BaHl1!0 «MOJI'lallJl1X)) yqaCTKOB 

)J,HK 11Jil1 K 3aMeHe 0,UHOro ::meMeHTa reHeTl1'1eCKOro KO,Ua Ha Cl1HOHl1M11'1HhIH, 

o6&I'IHO H11KaK He npo5!BJ15!10TC5! s cpeHoT11rre. Bcero s reHoMe qenoseKa o6Ha

py)l(eHo OKOJIO 50 «MOJI'lallJl1X)) reHOB, rrp11'1eM MHOr11e 113 Hl1X CB513aHhI e o6o

H51Hl1eM 11 11MMYH11TeTOM, a aHanor11 3Tl1X reHOB y II111MIIaH3e 11 .npyr11x o6e3b-

51H snonHe HOpMaJihHO pa6oTaJOT. B rrorrynHU1151X )1(11BOTHhIX rrp11 s&16ope 

6pa'1HhIX napTHepos O'leHh sa)l(eH 3arrax rrapTHepa. Bo3MO)l(HO, OTKJI10'leH11e 

reHOB, CB513aHHhIX e o60H51Hl1eM, B xo.ne 3BOJl!Ol.{1111 'leJIOBeKa 6hIJIO CB513aHO e 

pacTymeil pOJih!O pa3YMHOH peryJJHI..11111 11HTl1MHhlX OTHOllleHl1H. HHhIMl1 CJIO

saMl1, s xo.ne ecTeCTBeHHoro oT6opa xopolllMH H!OX He .nasan Hallll1M rrpe.nKaM 

3Ha'111TeJihHOro npe11MymecTBa, TaK KaK He 51BJl51JIC51 ,UJI51 Hl1X caMhIM Heo6xo

,U11MhIM MexaHl13MOM B 6oph6e 3a Bhl)l(l1BaH11e . lITO )!(e KaCaeTC51 11MMYHHOH 

Cl1CTeMbI, TO, OKa3hJBaeTC51, ee 113Jil1II1H5151 «6.n11TeJihHOCTh» 11HOr.na MO)l(eT np11-

BO,Ul1Th K orraCHhIM ayTOlfMMYHHhIM 3a6onesaHl151M, Harrp11Mep K pacce51HHOMy 

cKnepo3y. KpoMe Toro, BhIHBJieHhI pa3JJl1'11151 s reHax qenoseKa 11 II111MrraH3e , 

CB513aHHhJe e 3MOUMOHaJlhHOH peryJI51U11eH rrose.neHM51, 11 1500 p a31Ilf'llfH B re

Hax, CB513aHHhIX e OHKOJIOflf'leCKl1Ml1 3a6onesaH1151Mlf , KOTOphIMl1, B OTJl lf'llfe OT 

qenoseKa, llll1MIIaH3e IIO'ITl1 He 6oJie!OT. 3TO HaBO,Ul1T Ha MhICJlh, 'ITO, B03M0)1(

HO, TaK11e reHeTl1'1eCKlfe OTJll1'11151 Me)l(,ny JI!O,UhMl1 11 MX «C06paTh51Mlf» crroco6-

CTBOBaJil1 cpopM11posaH11!0 'leJJOBeKa, IIOCKOJihKY reHOMhl qeJJOBeKa 11 II111MIIaH-

3e 11,neHTl1'1HhI Ha 98 % 11 orn11qa10TC5! scero Ha 2 %. 
Peuecc11sH&1e Myrau1111 II03BOJI51!0T s xo.ne ecTecTseHttoro or6opa a.narr

T11posaTh 3BOJl!Ol.\110HHhie 113MeHeHl151 norryJI51U1111/ Bl1,Ua K 113MeH51!0llJl1MC51 yc

JIOBl151M cpeJJ:hl, T. e. rpaHccpopM11posaTh 11X 113 spe,UHhl X 11Jil1 HettTpaJihHh!X B 

rrone3Hhie . XpoMocoMHhie nepecTpoì1K11, 3arpy,ntt5!FOllJMe peKoM611Hau1110, crro

co6crny10T penpo.nyKTMBHOH 1130JI51U1111 rpyrrrr opraH113MOB 11 MX nocneJJ:y10meì1 

L(11seprettu1111, a .nyrrn11Kau1111 crroco6crsy10T ysen11'leH1110 q11cna reHoB s retto

T11ne 11 B03pacTaHM!O 11X pa3Hoo6pa31151 BCJJe,UCTBl1e npOMCXO.U511UeH 3aTeM 

JJ:11cpcpepettu11au1111 rettos s .nynn11u11posattH&1x yqacTKax xpoMocoM . Ho Ha11-

6onee 3Ha'll1TeJihHhl ,UJI51 3BOJl!Ol.11111 reHHhJe Myrau1111, IlOCKOJlhKy, HeCMOTp51 Ha 

(' 
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11X OTHOCl1TeJJbHYJO pe.UKOCTb, reHOTl1TI MHOrOKJJeTO'-IHb!X opraHl13MOB COCTOl1T 

113 .ueC51TKOB TbIC51'-I reHOB, lJTO C03,UaeT B03MO:>KHOCTb MHOrOlJl1CJJeHHbIX Bap11a

u11ì1. TaK11M o6pa3oM, MYTau1111 yBem1'!11BaJOT reHeT11lJecKoe pa3Hoo6pa311e 

nonymIUliH li, CJJe,UOBaTeJJbHO, cnoco6CTBYJOT 3BOJJJOUl11i opraHli3MOB. 

B KJJaCClilJeCKOM no.uxo.ue Bee MYTaUlil1 cJJy'-laì1HhI li He HanpaBJJeHHhI, 

T. e. 113HalJaJJbHO He a.uanTliBHbl - 3TO np11HUliTil1aJJbHOe TIOJJO)!(eHlie MyTau11-

0HHOM Teop1111. flp11MeHeH1ie liHCeKTl1Uli.UOB MO:>KeT TIOBb!CliTb 'laCTOTY MYTa

Ul1H, BKJJJOlJa51 a.uanTliBHyJO MyTaUli!O 11 MHO:>KeCTBO (.ueC51TKli Tb!C514) .upyr11x 

HeìirpaJJbHbIX 11 Bpe.UHbIX MYTaUliM B reHax. 3To Bcero JJl1Wb 6ecco3HaTeJJbHa51 

peaKl.(1151 opraHli3Ma Ha crpecCOBbie ycJJOBli51, TIOCKOJJbKY OH He MO:>KeT 3HaTb, 

KaK11e MYTaUlili 6y.uyT noJJe3HbI B cJJe.UyJ01U11x noKoJJeHliHX. Hanp11Mep, y 6aK

Tep11ì1 liMeJOTCH cpe.ucrna .UJJH YMeHbllleHl151 Bpe.ua, nplittoc11Moro HaKanJJ11-

BaJ01UliMl1C5! B reHOMe MyTaUli51Ml1: TIOKa MYTaUliM MaJJO, )i(li3Hecnoco6HOCTb 

CHl1:>KaeTC51 nponopuliOHaJJbHO liX lJl1CJJ~ HO np11 .uaJJbHettllleM HaKOTIJJeHl111 

MyTau11ì1 CHl1:>KeHlie )!(113Hecnoco6HOCTl1 Bee 6oJJee 3aMe,UJJ51eTC51. 

)K11Ba5! KJJeTKa tte YMeeT paccY11TbIBaTb, KaKoe 11MeHHO 113MeHett11e reHoMa 

eìi B .uaHHbIM MOMeHT Ha1160JJee BbirO.UHO, HO yMeeT yBeJJlilJl1BaTb lJaCTOTY B03-

Hl1KHOBeHl151 HY:>KHbIX CJJY'-iaMHbIX MyTau11ì1 BO BCeM reHoMe 11JJl1 Ha OT,UeJJbHblX 

ero Y'-iaCTKax. HanpliMep, y KlilllelJHOtt naJJOlJKl1 o6ttapy:>KeHbI TaK Ha3bIBaeMbie 

SOS-reHbI, BKJJJO'laJ01Uliec51 B HeKOTOpbIX 3KCTpeHHbIX cJJyYa51x, K HliM OTHO

c11TC5! reH dinB, KO.U11PYJOIU11M JJ:HK-noJJ11Mepa3y (6eJJOK, ynpaBJJ51JOIUl1H C03-

.uaH11eM Kon11ì1 MOJJeKyJJ JJ:HK) . AKTliBl13aUli51 3TOro retta npliBO.U11T K pe3KOMY 

yBeJJ11lJeH1iJO lJaCTOTbI MYTau11ì1, 'ITO MO:>KeT oKa3aThC51 cnac11TeJJbHhIM .UJJ51 

r116Hy1Ueì1 nonyJJHUl111 M11Kpo6oB, TIOCKOJJhKY .uaeT B03MO:>KHOCTh peryJJ11po

BaTb cKopocTb MYTareHe3a reHHO-Mo.u11cp1iu11poBaHHoì1 6aKTep1111. Bo3MO:>KHO, 

CHl1:>KeH11e Bpe,UOHOCHOCTl1 MyTau11ì1 no Mepe pocTa 11X lJliCJJa MO:>KeT 6hITh 

CB513aHO e .ueHTeJJbHOCThlO 6eJJKOB-lllanepoHOB, 06ecnelJ11BaJ01Ul1X npaBliJJbHOe 

«cBopa'-!11BaH1ie» .upyr11x 6eJJKOBbIX MOJJeKyJJ. (B KY3He'IHOM .ueJJe lllanepoHhI -

:no npaBirna, e TIOMOIUb!O KOTOpbIX npli.UaJOT npaBl1JJhHYJO KOHcp11rypaU1iJO Bhl

KOBhIBaeMOMY li3,UeJJl1!0.) fIOBbIIIleHlie lJl1CJJa MyTaHTHblX (HenpaBliJJhHO 

«CBepHyTbIX») 6eJJKOB B KJJeTKe MO:>KeT npliBeCTl1 K pocTy np01i3BO.UCTBa wane

pOHOB, KOTOph!e liHOr.ua cnoco6Hbl TIOMOlJb .ua:>Ke «11CTIOp4eHHOMy» 6eJJKY CBep

HYThC51 npaBl1JJhHO. I1 .ueìicTBliTeJJbHO, OKa3aJJOCh, lJTO B JJliHli51X e 6oJJhllll1M 

'-!11crroM MyTau11ì1 ypoBeHh lllarrepottoB .ueì1cTBl1TerrbHO pe3KO nOBbIWeH. TaKliM 

o6pa30M, )i(liBa51 KJieTKa B HeKOTOph!X CJJY'-!a51X cnoco6tta He TOJibKO peryrrlipO

BaTh CKOpOCTb MYTau1111, HO li 3cpcpeKTliBHO crrpaBJI51ThC51 e Bpe,UOHOCHh!Mli My

TaUH51Ml1. Harrli'llie no.uo6HhIX KOMnettcaTOpHhIX MexaHli3MOB .uaeT oprattli3-

MaM B03MO:>KHOCTh 6e3 Ype3Mepttoro y1Uep6a .UJI51 ce6H HaKanrrliBaTb MYTau111i, 

KOTOphie MOryT B .uarrhHeMIIleM «IIp11ro,Ul1TbC5!» ecTeCTBeHHOMY OT6opy .UJI51 

co3.uaH1i5! HOBbIX cpopM :>Kli3Hl1 . Be.uh rrJ06aH MYTaU1151, spe.uttaH cero.UHH, MO:>KeT 

oKmaThCH rrorre3HOÌ1 3aBrpa, Kor.ua ycrroBl151 nepeMeH51TC51. 

Mexa1-1u3MaMU Mymal,{UU RB!lRIOmcR 1-1acJ1eiJcmee1-11-1ocmb u u3Me1-11./ueocmb. 
HaCJ1eiJcmee1-11-1ocmb - 3TO np11cy1Uee BCeM opraHl13MaM cBoìicTBO noBTOpHTh 
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B pHLIY noKoJieHttìi O.LIHHaKOBbie nptt3HaKH H oco6eHHOCTH pa3BHT~, B pe1yJibTa

Te qero o6ecne'IHBaeTCH npeeMCTBeHHOCTb MOpcj)OJIOrH'leCKOH, cPH3HOJIOrH'!e

CKOH, 6HOXHMH'-leCKOH opraHH3al(HH )KHBblX cy111eCTB H xapaKTepa HX HHLIHBH

LIYaJibHOro pa3BHTHH - OHTorette3a. Tio3TOMY ttacJie.ncTBeHHOCTb - Ba)Ktteiiwee 

ycJIOBHe cy111ecTBOBaHHH LIHcP<PepeHl(HpOBaHHblX cj)opM )KH3HH, HeB03M0)KHbIX 

6e3 OTHOCHTeJibHOro IlOCTOHHCTBa IlpH3HaKOB opraHH3MOB. (J1!060Ilb!THO, 'ITO 

nepBbJe IlOilblTKH 06bHCHeHHH H3Yl.leHHH HacJie.LICTBeHHOCTH 6b!JIH npe.nnpHHH

Tbl eme rttnilOKpaTOM H ApHCTOTeJieM. Ho TOJibKO K cepe.nttHe XIX B. IlOHBH

JIHCb 1aKOHbI Mett.neJIH.) 

HacJie.LICTBeHHOCTb KOHTpOJIHpyeT npouecc OHTorette3a - HHLIHBHLIY

aJibHOro pa3BllTHe opraHH3Ma OT OilJIOLIOTBOpeHHH (npH IlOJIOBOM pa3MHO)Ke

HHH) HJIH OT MOMeHTa OT.LleJieHHH OT MaTepHHCKOH oco6H (npH 6ecnoJIOM 

pa3MHO)KeHHH) .no CMepTH. B 06111eM CJIY'!ae MYTaUHH npHBOLIHT JIHllib K se

poHTHOCTHOMY ll3MeHeHH!O cj)eHOTHna H onpe.neJIHeTCH He TOJJbKO oco6eHHO

CTHMll MyTaHTHoro retta, HO H .npyrHMH reHaMH B reHOTHile, T. e . B npouecce 

OHTorette3a. 

HacJie.LICTBeHHOCTb TaK)Ke onpe.nemeT pa3JJH'-1He H B3aHMOCBH3b Me)K.ny 

reHOTHilOM H cj)eHOTHilOM, npH 3TOM pOJJb rettonma ll BHernHeii cpe.Llbl B cj)op

MHpOBaHHH cj)eHOTHna MO)KeT 6bITb pa3JJH'!Ha, HanpHMep, HOpMa peaKl(HH op

raHH3Ma Ha BJIHHHHH cpe.Llbl o6ycJJOBJJeHa reHOTHilH'leCKH. 

HacJie.LICTBeHHOCTb MO)KeT KoppeKTHposaTbCH U3Mew1ueocmb10 - sa

ptta6eJJbHOCTb!O np111HaKOB cpe.n11 oco6eii .nattttoro 011.na/nonyJJHl(HH. B 3asH

CHMOCT11 OT npH'lllH ll xapaKTepa ll3MeHeHHH ll3MeH'!HBOCTb KJJaccmp11u11py

eTCH KaK: 

• HacJJe.LICTBeHHaH (reHOTllTIHl.(eCKM) ll HeHaCJie.LICTBeHHaH (cj)eHOTHilH'leCKM); 

• HHLIHBH.LIYaJJbHaH ll rpynnoBaH; 

• npepbIBHCTaH (LlllCKpeTHaH) ll HenpephIBHaH; 

• Ka'leCTBeHHaH (pa3l1H'IHH, He CBH3aHHhJe .npyr e .npyroM nepeXOLIHblMH <Pop

MaMH), KOJJH'leCTBeHHaH (pa3JIHl{Hjj, 06pa3yI01IIHe HenpepbIBHbie PH.Llhl, B KO

TOpbIX 6JJH3Klle 'IJieHbl pH.na MOryr OTJIH'!aTbCH .npyr OT .npyra CKOJJb yro.ntto 

MaJIO) 11 KoppeJJHTHBHM (s1a11MOCBH3aHHble H3MeHeHHH pii.Lia npH3HaKos); 

• ttanpasJJeHHaH (onpe.neJJeHHaH, no 1.J. ,Uaps11tty) H ttettanpasJieHHaH (tte

onpe.neJJeHHaH, no 1.J. ,Uapstttty); 

• MyTal(HOHHaH H KOM61rnal(HOHHaH ( o6ycJJOBJJeHHaH .naJibHeHIIIHM nepe

KOM6HHHposaHHeM reHOB B pe3yJJbTaTe CKpe11111saHHH); 

• a.nanTHBHaH H Hea.nanTHBHaH. 

IlpH 3TOM sce Tllilhl ll3MeH'!llBOCTll Moryr nepenJJeTaTbCH caMblM npH

'IYLIJJHBbIM o6pa30M. 

B ttacToH111ee speMH 06111enp111ttaHHbIMH HBJIH!OTCH CJieL1y10111He KJJIOl.le

Bbie IlOJJO)KeHHH 3BOJJ!Ol(HOHHOH TeopHH [129) : 
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• «reHonm orrpe.nem1eT He <PeHOTHIT KaK TaKOBOH, a HOpMy peaKU1111», T. e . 

Ha6op B03M0)!(Hh!X rryTeìi pa3B11Tl1H opraHl13Ma B 3aB11Cl1MOCTl1 OT ycno

Bl1H. «Bap11au1111 <PettoT11rra s rrpe.nenax HOpMhI peaKu1111 - :no 11 ecTh 

MO.l\M<ÌJl1Kal.{110HHaH 113MeHql1BOCTh». 

• Hacne.ny10Tc5! He MO.l\M<ÌJMKau1111, a «retteTw1ecK11 .neTepM11H11posatttta5! 

crroco6HOCTh K HHM». 

• «Mo.ntt<ÌJ11Kau110Htta5! 11JMeHq11socTh qacTo MBAAeTCM a.narrT11BHoìi . Crro

co6HocTh K a.narrTHBHhlM MO.l\11<ÌJMKal.{1151M pa3Bl1BaeTC51 rro.n .neìiCTBHeM OT-

6opa, Ha OCHOBe 3aKpeIIJieH1151 orrpe.neneHHhIX HacJie,l\CTBeHHhlX 113MeHe

Hl1H (Myrau11ìi), TQqHo TaK )!(e, KaK JII06h1e .npyrne a.narrTl1BHhie CBOHCTBa 

opraH113Ma>>. 

K MO.lll1<ÌJl1Kau110HHOH 113MeHql1BOCTl1 OTHOC51TC51 MOp<ÌJ03hl 11 <ÌJeHOKOil1111. 

Mop<ÌJ03hI - :no HeHacne.nyeMhie H3MeHeH115! B pe3yJihTaTe HapyrneH115! .neìicT-

01151 reHOB, Bhl3hIBaeMhie B COMaT11qeCKl1X KJieTKax opraHl13Ma 3KCTpeMaJihHhl

Ml1 <PaKTopaMH BHeurneìi cpe.llhl. Mop<ÌJ03hl HOC51T Hea.naITTHBHhIH 11 Heo6paT11-

Mhlll xapaKTep, II03TOMY qacTO 3Tl1 113MeHeHl151 <PeHOTHIIa, BhIXO.l\5lm11e 3a rrpe

.neJibl HOpMhl peaKU1111, rrpHBOMT K rraTOJIOfl151M 11 .na)!(e r116eJI11 opraH113Ma 

(HarrpMMep, 3Ta <ÌJOpMa 113MeHqJ1BOCTl1 MO)!(eT 6hITh Bhl3BaHa B03,l\eHCTBl1eM Ha 

pa3Bl1Ba!OIU11HC51 opraHl13M HeKOTOpblX XMM11qecKHX semecTB - xeMOMOp<ÌJ0-

3hl 11n11 110H11311pyiomeìi pa.n11au1111 - pa.n110Mop<ÌJ03hI). HecMOTPM Ha TO qrn 

MOp<ÌJ03hI, KaK rrpaBHJIO, 51BJI51!0TC51 Bbipa)!(eHHhIMl1 OTKJIOHeHl151Ml1 OT po.n11-

TeJibCKl1X <ÌJOpM, OHH He HOC51T rrp11crroco611TeJihHOro xapaKTepa . 

.l{ecTa611JI113aUl151 OHTOreHe3a MO)!(eT rrp11BeCTl1 K II051BJieHHIO aHOMaJihHO

ro IIYTH pa3Bl1Tl151 - MOp<ÌJ03a, KOTOphIH IIOTeHl.{HaJihHO rrp11 HaJI11q1111 .npyrnx 

MyTau11ìi, cuerrJieHHhIX e rrepBOHaqaJihHOH, MO)!(eT OKa3aTbCH IIOJie3HhIM ,l\JI51 

opratt113Ma 11 cymecrneHHO o6nerqaTh <PopM11posatt11e HOBhIX a.narrrau11ìi. ITo-

3TOMY ee MO)!(HO orrpe.neJil1Th KaK rrepeXO.l\HYIO <ÌJOPMY OT 0,l\HOro CTa611JihHOro 

COCT051Hl1H K .npyroMy, crroco6cTBYIOIUYIO rrp051BJieHHIO «CKphIThIX» rryTeìi pa3-

Bl1Tl151 rrporpeCCHBHOH 3BOJIIOU1111. 

Ha HaqaJihHOM 3Tarre Myrau1151 HOCl1T cnyqattHhlH xapaKTep, 3aTeM, KaK 

rrpaBHJIO, rrp051BJI51eTC51 B <PeHOTHIIe (MeHSieTC51 crpoeH11e, <ÌJl13110JI0fl151 11Jil1 3TO

JIOr1151 opraHl13Ma). EcJIH 3TOT Bhr6op OKa)!(eTCH IIOJie3HhIM, B xo.ne OT6opa MyTa

UHM 3aKpeIIJI51!0TC51, 11 aHOMaJI1151 (HOBhIH <PeHOTl1IIHqecKl1H rrp113HaK) CO BpeMe

HeM CTaHOBl1TC51 HOpMOH. 0.nHaKO B3al1MOCB513h Me)!(.lly 113MeHeHl151Ml1 reHOT11rra 

11 <ÌJeHOTHIIa qacTO He CTOJih O.l\H03HaqHa, IIOCKOJihKY B o6meM cnyqae Myrau11H 

IIp11BO.l\11T JIHllih K 113MeHeHl1!0 Bep051THOCTHOro 113MeHeHl151 <PettOTHIIa 11 orrpe.ne

JI51eTC51 He TOJihKO oco6eHHOCT51Ml1 MyraHTHOro retta, HO 11 .npyr11Ml1 reHaM11 B 

rettonme ~e B rrpouecce OHToreHe3a .. TaK, MyraHTHhre 6eJIKH crroco6HhI Hop

MaJihHO <ÌJYHKUHOHHpOBaTh, eCJil1 crrel.{11aJil1311pOBaHHble 6eJIKl1 - rnarrepOHhl -

rrptt.na.nyr HM rrpaBHJihHYIO rpexMepttylO KOH<ÌJ11rypau1110. 

Crroco6ttocTh opraHH3MOB K «KOMrrettcaToptthIM <PettoT11rr11qecK11M MO.l\11-

<ÌJHKaU1151M» (orneT opratt113Ma tta HapyrneH11H rrpoueccos OHToreHe3a 11 rpas-
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Mb!) MO)!(eT np11BO)ll1Tb K 6hICTpblM 3BOJJIOL(l10HHb!M npeo6pa30BaHl1.HM 3a C'leT 

H11sen11posaH11.H neìlcrn11.H MHornx spenHhIX Myrnu11ìl [ 130]. Ecn11 opraHl13M 

np11 Hel13MeHHOM reHOT11ne cnoco6eH s Te'leH11e )!(113Hl1 onHoro noKOJJeH11.H 

np11cnoco6JJ11BaTbC.H K 113MeH.HIOIUl1MC.H ycJJOBl1.HM 0611TaHl1.H, B03MO)!(H0 oc

JJa6JJeH11e neìlcTBl1.H oT6opa. Ecn11 )!(e ycnos11.H 0611TaH11.H nocTaTO'lHO CTa-

611JJhHhI )lJl.H MHOFl1X noKOJJeHl1tt, nonsep)!(eHbIX O)lHl1M 11 TeM )!(e MOn11cp11Ka

L(l10HHhIM npeo6pa3osaHl1.HM, B03MO)!(HO 3aKpenneH11e 3Tl1X npeo6pa3osaH11tt 

Ha reHeT11'1eCKOM ypOBHe 11, COOTBeTCTBeHHO, He TOJlhKO ycKopeH11e, HO 11 HO

Bbltt BeKTop 3BOJJIOL(l10HHOro npouecca. .D:aHHOe .HBJJeH11e 113BeCTHO KaK <Ocp

cpeKT Eonny11Ha» (.li:)!(. Eonny11H BhILlBl1HYJJ ::iry rnnoTeJy B l 896 r . ). Hanp11Mep, 

MOJJO'lHOe )!(11BOTHOBO)lCTBO cnoco6cTBOBaJJO pacnpocTpaHeHl1IO B onpeneneH

HhIX per110Hax MYTau1111, no3BOJl.HIOIUett B3pOCJJOMY 'leJJoBeKy nepeBap11saTh 

naKTo3y (MOJJO'lHbitt caxap ), 11, B pe3yJJhTaTe, 113MeHeH1110 reHoT11na. CnenyeT 

OTMeTl1Th, 'lTO cnoco6HOCTh K KOMneHCaTOpHblM Mon11cp11Kal(l1.HM nOBbJWaeT 

sepo.HTHOCTh 3aKpenneH11.H KaK MaJJhIX, TaK 11 KpynHhIX MYTau11ìl. TaK11M o6pa-

30M, B03Hl1Ka10ma.H B xone 3BOJJIOL(l111 cnoco6HOCTh opraHl13MOB K KOMneHca

TOpHhIM MO)l11cp11Kal(l1.HM, OCHOBaHHhIM Ha np11HL(l1ne o6paTHhIX CB.H3ett, npo

.HBJJ.HeTC.H He TOJlhKO Ha opraHl13MeHHOM, HO 11 Ha reHeTl1'leCKOM ypOBHe 11 .HB

JJ.HeTC.H Ba)!(Hb!M cpaKTopoM, cpopM11pyIOIUl1M BeKTOphl 3BOJJIOL(l111. 

<1>eHOKOill111 - HeHaCJJe)lCTBeHHbie 113MeHeHl1.H cpeHOT11na, Bhl3BaHHhie 

neìlcTB11eM orrpeneneHHhIX ycnoBHtt cpenh1, orrpenen.HIOTC.H cTan11eìl pa3BHTH.H 

opraHH3Ma. Hatt6onee qacTa.H np11'1HHa cpeH0Kon11ìl - Bo3neìlcTBHe Ha 3M-

6pHoHaJJhHOtt CTa)lHH HeKOTOpblX cpH311'leCKHX, XHMH'leCKl1X H 611onor11qe

CKHX areHTOB (HarrpHMep, BHpycoB), HapywaIOIUHX He TOJlhKO 3M6pHOHaJJbHOe 

pa3BHTl1e nnona (np11 3TOM ero reHOTHn He 3aTparHBaeTC.H), HO H Bhl3bJBaIO

IUHX Mopcponor11qecKHe aHoMaJJHH pa3BHTH.H opraHH3Ma. Harrp11Mep, sOJneìl

CTBY.H Ha reHeTH'leCKl1 HOpMaJJhHbie 3M6pHOHhl 11 JlH'lHHKH HeKOTOpbIX Hace

KOMhIX nOBhIWeHHOM TeMrrepaTypOtt, napaM11 3cpHpa H T. n., MO)!(HO Bhl3BaTb y 

B3pOCJlhIX oco6ett HeHaCJJe)lCTBeHHbie ypo)lCTBa (H3MeHeHHe 'lHCJJa HOr HJJH 

KphlJlheB, npespameHHe yc11KOB B nanKH H np.). IIpennoJJO)!(HTeJJhHo, BHew

HHtt cpaKTOp, Bhl3hIBaIOIUHM cpeHOKOITHH y HOpMaJJhHbIX oco6ett, HapywaeT 

nettCTBHe COOTBeTCTBYIOIUHX HOpMaJJbHhIX reHOB, 'lTO H Be)leT K ITO.HBJJeHHIO 

MyTaHTHOro cpeHOTHITa. 

B OCHOBe mo6hIX Me~yrrrrOBhIX pa3JJH'IHM JJe)f(l1T HH)lHBHLlYaJJhHa.H H3MeH

'll1BOCTh, IIOCKOJlhKY He cymecTsyeT a6coJJIOTHO H)leHTH'lHhIX oco6eì1 . .n:a)j(e Me)!(

ny reHOTHITH'leCKH H)leHTH'lHhIMH (HanpHMep, O)lHO.HML(OBbJe 6JJl13Hel(bl) 11 pa3BH

saIOIUHMHC.H, Ka3aJJOCb 6hI, B paBHhIX ycJJOBH.HX opraHl13MaMH scerna cymecrnyroT 

MOpcpocpH3HOJJornqecKHe p a3JJH'lH.H. Ho orrpenen.HeTc.H rpynrrosa.H 113MeH'lHBOCTh 

pa3JJH'lH.HMH Me)!()ly rpynrraM11 n106h1x paHroB, Ha'lHHa.H e rronyJJ.HUHtt. TaK, B He

KOTOphIX CJJYlfa.HX pa3JJH'lH.H Me)!()ly rpynnaMH oco6eìl He CB.H3aHbl e pa3JJl1'1H.HMl1 

HX reHOTHilH'leCKOro COCTaBa, a o6ycJJOBJJeHhl pa3JJH'lHhIMH peaKL(H.HMl1 CXO)lHh!X 

reHOT11nos Ha pa3Hhie BHeWHHe ycnosH.H. IIpHMepoM MO)l(eT CJJj')i(l1Th B03)lettcT

BHe Ha pa3BHTHe p a3Hh!X noKOJJeHHM O)lHOro BH)la/rronymiUHH pa3Hh!X ce30HHhIX 
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ycJIOBliH cpe,llhl (y HeKOTOphIX HaceKOMhIX H rpaBHHHCThlX pacTeHHH, ,llaIOIUHX 

,llBa IIOKOJiemlJI B ro.11, seceHHlie li oceHHHe IIOII)'JUIUHli pa.3JIW-IaIOTCH IIO PH.llY 

rrpH3HaKoB). A rrorrymiu1111, HaceJIHIOll.lHe o6urnpHhie Tepp11TOp1i1i B OTCYTCTBHe 

H30JIHpyIOlllHX 6apbepOB, MOryr (BCJle,llCTBlie rrepeMeIIIHBaHHH H CKpell.lHBaHHH) 

C03,llaBaTh rrepeXO,llHbie cpopMbI IIO TeM liJlli liHhIM rrpH3HaKaM. 

Hacne.11cTBeHHOH H3MeH'-IliBOCTbIO o6ycnoBJJeHhI pa.3Jlli'-IHhie cpopMbI BHYT

pliIIOIIYJIHUHOHHOro IIOJIHMOpcp113Ma - HaJIH'-IHH B rrpe.11enax 0.llHOfO BH

.11a/rrorrymiu111i pe3KO OTJIH'-IHhIX IIO BHeIIJHHM rrpH3HaKaM oco6eii, He HMeIOIUliX 

rrepeXO,llHhlX cpopM. I1oJIHMOpcp1i3M MO)!(eT 6b!Tb CBH3aH e IIJIOTHOCTb!O rrorrymi

UHH H rrpOHBJlHTbCH B pa3JIH'-1Hb!X OKpacKax, rrporropuHHX Tena H IIOBe,lleH'-IeCKHX 

rrpOHBJieHHHX (Harrp11Mep, y capaH110BblX Ha6n10.11aeTCH cpa30BaH li3MeH'!HBOCTb 

IIOBe,lleHHH, y ryceHliU H orrpe.11eneHHbIX Bli,llOB 6a6o'-!eK - pa3JIH'-IHH B OKpacKe). 

A .llJIH o6mecTBeHHhIX ttaceKOMbIX xapaKTepeH rron11Mopcp113M, CBH3aHHbIH e pa3-

.11eneH11eM cpyttKUHH pa3Hh!X oco6eii B ceMbe liJili KOJIOHHH (MaTKa H «pa6oq11e» y 

rrqen, «COJl.llaTbI» 11 crpo11Tem-1 y MypaBheB 11 TepMHTOB 11 .11p.). B HeK0Toph1x no

IIYJIHUHHX Ha6n10.11aeTCH cocymecTBOBaHHe .llByx HJJH 6onee cpopM IIOJIHcp0pM113Ma 

(Harrp11Mep, y .llByxTO'-Ie'-IHOH 60)!(heH KOpOBKli IIO'-ITH BO Bcex IIOil)'IDIUHHX scrpe

qaJOTCH qepttaH cpopMa e KpaCHbIMli IIHTHaMH H KpaCHaH cpopMa e '-IepHbIMH IIHT

HaMH). B OCHOBe 3TOfO HBJJeHliH Moryr Jle)!(aTh pa3Hble 3BOJJIOUHOHHhie MexaHli3-

MbI: pa31lli'!HaH ce30HHaH rrp11cnoco6JJeHHOCTb, IIOBhIWeHHaH )!(li3Hecrroco6HOCTb 

reTepo311roT 11 .11pyme, eme He.11ocTaTO'-IHO myqettHbie Mexatt113MhI. TaKHM o6pa-

30M, H rpyrrrroBaH, H HH.llHBH.llYaJihHaH H3MeH'-IHBOCTb BKJlIO'-IaIOT H3MeHeHHH KaK 

Hacne.11cTBeHHOH, TaK H HeHacne,llCTBeHHOH rrp11po,llbl [ 130]. 
lfacTO B rrp1ipo.11e tta6JJIO,llaeTCH KOppeJJHTHBHaH li3MeH'-IHBOCTb, o6ycJJOBJieH

HaH B3aHMOCBH3aHHbIM H3MeHeHHeM pa3JJH'-1Hb!X rrpH3HaKOB li CBOHCTB (ttarrpliMep, 

CBH3h Me)!(,lly pOCTOM H BeCOM oco6eii - IIOJlO)!(HTeJJhHaH KOppeJJHUHH HJJH CKOpo

CTh!O KJleTO'-IHOfO ,lleJieHHH li BeJIH'-IHHOH KJleTOK - OTIJHUaTeJihHaH KOppeJJHUHH). 

3TOT THII KOppeJJHUHH MO)!(eT 6hITh o6ycJIOBJleH reHeTli'-IeCKHMli rrpH'-IliHaMli, 

B3aHMOCBH3aHHhIMH rrpoueccaM11 YTBep)!(.lleHHH orrpe.11eneHHhIX rrpH3HaKOB li 

CBOHCTB B HH.llHBli.llYaJihHOM pa3BHTHH oco6eii (OHTOreHeTH'-IeCKHe KOppeAAUHH) H 

CXO.UHh!Mli li3MeHeHHHMli pa3HbIX rrpH3HaKOB H CBOHCTB B OTBeT Ha 0,llHH li Te )!(e 

BHeurn11e B03,UeHCTBHH (cp113HOJJOrH'!eCKHe KOppeJJHUHH). B JlHTepaTYPe HaCJJe,UCT

BeHHOCTh H H3MeH'-IHBOCTh HHor.ua orrpe.11enHIOT KaK .u11aJieKTH'-IeCKH e,UHHOe «KOH

cepBaTHBHOe» 11 <<rrporpecc11BHOe» Ha'-!ana MYTaUliH. Me)!(.uy ttacne.ucTBeHHoì1 11 

Hettacne.ucrneHHOH cpopMaMH li3MeH'-IHBOCTH cymeCTByeT TeCHaH CBH3b, IIOCKOJlh

KY ttettacne.ucTBeHHhie H3MeHeHHH HBJJHIOTCH Jllillib OTpa)!(ett11eM ttacne.ucTBeHHO 

o6ycJJOBJieHHOH cnoco6HOCTH opraHH3MOB OTBe'-IaTb orrpe.ueneHHbIMH H3MeHe

HHHMH rrp113HaKOB Ha B03,UeHCTBHH cpaKTopoB BHewHeH cpe,llbl. 

Il. BepmuKa!lbHblÌÌ nepeHoc zeHoe - npouecc rrepettoca reHoB, B xo.ue KO

Toporo opraHH3M rronyqaeT li rrepe.11aeT reHeTH'leCKHH MaTep11an B rroKoJJeHHHX. 

B pe3yJJhTaTe .uyrrn11Kau11ii, MYTaUHH H peKOM611ttau11ii o6pa3yIOTCH reHbI, 

se.uym11e rrpoHCXO)!(,UeHHe OT O.UHOfO rrpe.UKOBOfO retta, HO BXO.UHil.{He B COCTaB 
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pa3HhlX reHOMOB (rrapaJIOrtl'IHhJe reHhl), KOTOphie ysemt'Il1Ba!OT 6eJIKOBhlH ap

ceHaJI 11 .l(l1arra30H cpeHOTl1ITl1'IeCKl1X sap11au11ì1, 0Tpa)f(al01U11X ycJIO)f(HeH11e 

KJieTO'IHhIX c11cTeM 11 perymITopHhIX MexaHl13MOB. B 3TOM CyTh sepT11KaJihHOH 

'.}BOJIIOl.(1111 «BBepx». ,n:pyr11M HarrpasJieH11eM '.}BOJIIOl.(1111 «BHH3» .SIBmleTC.s! pe

AYKU110HHa.sI '.}BOJIIOL\1151, B rrpouecce KOTOpOH rrp011CXO.l(l1T COKpalUeHHe 'IHCJia 

reHoB, YTPaTa cpyHKUHH, rryTeì1 MeTa6oJil13Ma, opraHeJIJI, reHepaTl1BHhIX c11c 

TeM 11 T . .l(. B 3TOM cny'Iae rrp11 OITTl1Ml13al.(1111 cp113110JIOfH'IeCKOH rrp11crroco6-

JieHHOCTH opraHl13MOB K orrpe.l(eJieHHOH '.}KOJIOrH'IeCKOH Hl1We rrpOHCXO.l(l1T 

crreu11a11113au11.s1 opraHH3MOB. Harrp11Mep, .l(JI.sI 6oJihlllHHCTBa rraToreHHhIX 6aK

Tep11ì1 xapaKTepHa ITOTep.sI MHOr11x reHOB, TaK KaK 3Tl1 06JI11raTHhie rrapa311Thl 

HCITOJih3YJOT .l(JI.s! CBOeH )f(H3HH MeTa6oJIH'IeCKHe CHCTeMhl KJieTKH «X03.sJHHa» H 

He HY)f(.l(a!OTC.s! B co6CTBeHHhIX aHaJIOfH'IHhlX CHCTeMaX. I1 'IeM BhIWe 3aBHCH

MOCTh OT ycJIOBl1H 3KOHHWl1, TeM MeHhllle Tpe6yeTC.sJ reHOB .[(Jl.s! a,l(aITTaUHH. 

TaK, y HeKOTOphIX rrpoT11CTOB B xo.l(e a.l(aITTHBHOH ::ison10u1111 rrpo113owJia yTpa

Ta MHTOXOH.l(pHH, HO B 51.l(pe coxpaHHJIOCh HeMaJIO reHOB, rrpe.l(Ha3Ha'IeHHhlX 

.l(Jl.s! o6cJiy)f(HBaHl15! 3TOH opraHeJIJihl [ 13 I). 

III. I'eHemul./ecKuu òpeurf>, UJiu zopu3oHmaJlbflblu (;wmepallbHbzu) nepeHoc 
2eHOB - '.}TO rrpouecc rrepeHoca reHOB Me)f(.l(y opraHl13MaMl1, KaK 6JIH3KOpO.l(

CTBeHHhlMl1, TaK 11 cp11noreHeT11'IeCKH OT.l(aJieHHhIMH, rrpHHa,l(Jie)f(all\HMH .l(a)f(e 

K pa3HhlM TaKCOHaM. 3TOT rrepeHOC orpaHl1'IeH He reHeT11<JeCKOH COBMeCTl1MO

CTh!O, a JlHlllh <<rOTOBHOCThlO» reHOMa X03.s!HHa .l(JI.s! «BCTpa1-rnaHH.s!)) 3K30reHHO

ro reHeTHl.fecKoro MaTepttaJia. 

PoJih roptt30HTaJihHOro Apeì1cpa B 3Ha'I11TeJihHOH Mepe rrpo.s1cH11nach B pe-

3YJihTaTe OTKphITH.sI TPaHC.!1YKU11H s11pycos - caMhIX MeJIK11x rrpeACTaBHTeJieì1 

611occpephl (15-350 HM, a HeKOTOphie HHTeBH.l(Hhie cpopMhl - .l(O 2000 HM, 'ITO 

rrp11MepHo B 50 pm MeHhwe cpeAHero pa3Mepa 6aKTep11ì1). BrrepBhte roptt30H

TaJihHhIH Apeì1cp e ITOMOU\h!O BHpycHOH TpaHCAYKUHH 6hIJI OTMe<JeH B 1952 r . y 

6aKTep11ì1 )J,JK. JieneoeproM 11 H. IJ,110.l(epoM, a srrocJie.l(crn1111 BhI.sICHHJiach 

B03MO)f(HOCTh 3TOro )f(e rryTH rrepeHoca H y ::iyKap110T. 

B11pych1 MOryT pa3MHO)f(aThC.sJ TOJihKO BHYTPl1 )f(l1Boì1 KJieTK11, 'ITO no3son.s1eT 

paccMa-rp11saTh 11x B Ka<Jecrne o6JittraTHhIX KJieTO'IHhIX napa311TOB. BttyTp11 3apa

)f(eHHOH KJienrn s11pych1 rrpo.sIBJI.sIIOT ce6.s1 KaK KOMITOHeHThI cJIO)f(HhlX )KHBbIX c11c

TeM, HO BHe KJieTKH rrpe.l(CTaBJl.s!IOT co6oì1 MeTa60Jil1'IeCKH 111-1epTHble HyKJieorrpo

TeH.l(hl, OHl1 CO.l(ep)f(aT reHeTH'IeCKyio 11HcpOpMaUHIO, HO He MOryr caMOCTO.sITeJih

HO peaJJH30BaTb ee, He o6Jia.l(a.sJ co6CTBeHHhlM MexaHH 3MOM 6110Cl1HTe3a. 

I10.l(06HO BCeM ApyrttM cpopMaM )f(l13Hl1, BttpychI o6Jia,l(aIOT reHOMOM, KO.l(HpyIO

lUHM CTpoeHHe 6eJIKOB 11X o60JIO'IKH - Ha 3TOM 11 OCHOBaH HX crroco6 caMOBOC

rrp0113Be.l(eHH.sI. E>naronap.sI Xl1Ml1'IeCKOH aKTHBHOCTH 6eJIKOB CBOeH o60JIO'IKH BH

pyc «B3JiaMh!BaeT» 3a1Ul1THbJe cpe.l(CTBa KJieTKl1-X03.sJHHa, 11, rronaB B X03.s!HCKYIO 

l.(11TO!IJ1a3MY, I1HaKT11B11pyeT ee ,n:HK H rrpHH)T)KL(aeT KOII11pOBaTb B11pyCHblH reHOM 

H Cl1HTe3HpOBaTh no 3TOH rrporpaMMe co6crneHHhie 6eJIKH. B 3TOM 11 COCTOHT 

Y1.faCTHe BttpycoB B <<rOp1130HTaJihHOM» rrepeHOCe. Ho ITOCKOJihKY HM .l(OCTyITHbl 
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Ta61nu-1a 5.11 

rop1<130HTanbHbJL1 nepeHoc reHOB y apxeL11-1 6aKrep1-1L1 (133] 

BHJ.J. 
qHCJIO reHOB Ilepeuecennhle reub1 

B reHOMe KOJIH'leCTBO o/o B renoMe 

Apxeu 
Archaeoglobus fulgidus 2407 179 8,4 
Methanococcus jannaschii 1715 77 5,0 
Pyrococcus horikoshii 2064 154 7,6 
Aeropyrum pemix 2694 370 14,0 

IlaToreuub1e 6aKTepuu 
Mycoplasma pneumoniae 677 39 5,9 
Chlamydia trachomatis 894 36 4,3 
Rickettsia prowazekii 834 28 3,6 
Treponema pallidum 1031 77 8,3 
Haemophilus influenzae 1709 96 6,2 
Helicobacter pylori 1553 89 6,4 
Mycobacterium tuberculosis 3918 187 5,0 

CBOOOJ.J.HO :amsymue 6aKTepuu 
Aquifex aeolicus 1552 72 4,8 
Thermotoga maritima 1846 198 11,6 
Escherichia coli 4289 381 9,6 
Pseudomonas aeruginosa 4036 411 10, 1 
Bacillus subtilis 4110 537 14,8 
Synechocystis sp. 3169 219* 7,5 

mo6h1e opraHl13Mhl ( 1,5 MJIH Bl1.[(0B-peu111meHTOB, a caMHX B11pycos 113BeCTHO 

scero OKOJIO 1000 s11.nos), 11 s11pyc cnoco6eH 6paTh y .noHopa '!aCTh reHOMa .npy

roro BHpyca, KOTOphIM X0351HH 6hJJI HHcp11u11posaH paHee, rop1130HTaJibHhIH nepe

HOC no npasy MO)!(HO paccMaTPHBaTh Ha 611occpepHOM ypOBHe. 

Xorn HHHUHHposaHHhie .noHopoM 113MemiHH51 s Te'!eH11e o,nHoro noKone

HH51 '!aCTO He3Ha'IHTeJihHhl, CO speMeHeM OHH HaKailJIHBal-OTC51, 'ITO npHBO.[(HT K 

Ka'IeCTBeHHhIM H3MeHeHH51M s )!(HBhIX opraHH3Max. ITpe.nnonmKHTeJihHO He 

MeHee 80 % reHOB B Ka)!(.[(OM npoKapHOTH'!eCKOM reHOMe 6hJJIH npe.nCTasneHhl 

y pa3HhIX s11.nos MHKpo6os H yqacrnosanH s npouecce rop1130HTanhHOro 06-

MeHa Ha TOM HJIH HHOM :nane 3BOJil-OUHH [ 132] . 
B rn6nHue 5.11 npHse.neHhI HeKoTOph1e .naHHhie o ropH30HTanhHOM nepe

Hoce reHOB y npoKapHOT, nony'IeHHhie np11 nonHoreHOMHOM aHan113e 6onhlllO

ro 'lHCJia BH.[(OB 6aKTepHH H apxei1. 

~aHHhie Ta6JIHUhl Il03BOJI511-0T c.nenaTh cne.nyl-01.l\He Bh!BO.[(hl OTHOCHTeJih

HO 3aKOHOMepHOCTeii naTepanhHOro reHHoro nepeHoca [ 131 ]: 

• .[(OJ151 naTepaJihHO nony'IeHHhIX reHOB BapbHpyeT y pa3Hh!X BH.[(OB H MO)!(eT 

COCTaBJI51Th 1 o % OT o6mero 'IHCna reHOB B reHOMe; 
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• HaHMeHbrnee 411CJIO nepeHOCOB xapaKTepHO )lJI51 60JibillHHCTBa y1Kocne

umpw-1eCKHX naToreHHbIX 6aKTep11ii, )!(HBym11x B y1K11x 3KOJiornqecK11x 

HHlllaX ( CJie)lyeT OTMeTHTb, 4TO OHH onpe)leJIJIIOT B11pyJieHTHOCTb 11 TOK

CHl-JHOCTb, a noceMy, HeCMOTp51 Ha OTHOCHTeJibHO He60JibillYIO 411CJieH

HOCTb, 11rpa10T cymecrneHHYIO pOJib B nepeHocax); 

• HaH60Jiblllee KOJil14eCTBO nepeHOCOB xapaKTepHO )lJI51 CB060)lH0)!(11BYIU11X 

6arcrep11ii (6aKTep11ii e WHpOKHMH 3KOJIOrHl-JeCKl1MH apeaJiaM11); 

• «pe)!(e BCero B ropH30HTaJibHbIH nepeHOC BOBJieKaIOTC51 reHbl 11HcpOpMau11-

0HHbIX Cl1CTeM, COCTaBJIJIIOIUHe 6a30Bb!H reHOM (TpaHCKp11nu1111, Tpattc

Jl51Ul111, penJI11Kau1111), TIOCKOJibKY npo)lyKTbl 3Tl1X reHOB BXO)l51T B CJIO)!(

Hble 6eJIKOBbie KOMnJieKCbl , r)le ,,qy)!(11e" 6eJIKl1 He BCTpa11saIOTC5! 11Jil1 He 

cpyHKl..\HOHHpyIOT»; 

• «rOp1130HTaJibHbie nepeHOCbl cneu11cp11l-!Hbl, noCKOJibKY np1106peTeHHblH 

reH 06ttapy)!(11BaeTC5!, KaK npaBl1JIO, TOJibKO B KJieTKaX onpeneJieHHOro 811-

)la HJIH )la)!(e IllTaMMa»; 

• «t-Jame scero B rop1110HTaJibHb1ii nepettoc sosJieKaIOTC51 reHbI onepau110H

Hb1x c11cTeM, 06cJiy)!(11Ba10m11x MeTa6oJIH3M, TpaHcnopTHhie nyr11, Mexa

Hl13MbI c11rHaJibHOH TpaHC)lYKl..\1111»; 

• y MH0fl1X 6aKTep11ii cpe)lH JiaTepaJibHO np11BHeCeHHbIX reHOB 6oJibillYIO 

)lOJIIO COCTaBJIJllOT cpyHKUHOHaJibHO HeH)leHT11cp11u11poBaHHHbie reHhI; 

• «B COCTaBe np1106peTeHHblX cerMeHTOB .[(HK qacTO o6Hap~Ba!OTC51 npocpa

r11, TIJia3Ml1)lbl, KacceTbl pe3HCTeHTHOCTl1, reHbl 6eJIKOB, yqaCTBy10m11x B 

npoueccax caì1T-cneu11cpw1ecKoii 11 ,,He3aKOHHoii" peKoM611Hau1111, 06ec

neq11sa10meii 11HTerpau1110 np11stteceHHbIX reHOB». 

C. B. WecTaKoB nonaraeT, 4TO KocseHHbIM )lOKa3aTeJibCTBOM HanpaBJieH

HOCTl1 ropH30HTaJibHOrn npeiicpa MO)!(eT CJIY)!(HTb KOJil1l-JeCTBO cneu11aJil1311pO

BaHHbIX reHoB [ 131]. Y TepMocp11JibHbIX BH)lOB 6arcrep11ii Thermotoga maritima 

11 Aquifex aeolicus 15 % reHOMa COCTaBJIJl:IOT reHbl TepMOcp11JibHblX apxeii , LITO 

TI03BOJI51eT ·fOBOp11Tb o rop1130HTaJibHOM npeiicpe OT apxeii B KJieTK11 npe)lrnecT

BeHHl1KOB coBpeMeHHbIX TepMocp11JibHbIX Bl1)lOB 6aKTep11ii . B J1)lepHOM reHOMe 

3yKap110T TaK)!(e HeMaJio reHOB, xapaKTepHbIX )lJIJI: apxeii 11JI11 6aKTep11ii. 3To 

MOrJIO 6bITb pe3yJihTaTOM nepeMemeHHJI: B 51)lp0 reHOB 113 M11TOXOH)lp11ii 11Jil1 

XJioponJiaCTOB, B03Hl1KWl1X Ha 6a3e npoKap110Tl14eCKl1X reHOMOB, npeTepneB

illl1X pe)lyKuHOHHYIO 3BOJllOUl1l0, JI1160 3a Cl-JeT l1HTerpa u1111 qy)!(epO)lHblX 

cpparMeHTOB .[(HK, nocrynaIOm11x e n11meii (Hanp11Mep, np11 noenaH1111 6aKTe

p11ii npOTHCTaM11). fop1130HTaJibHblH nepeHOC reHOB MO)!(eT np011CXO)ll1Tb 11 B 

o6paTHOM HanpaBJieHl111 - OT 3yKap110T K npoKap110TaM B Cl1M6HOTl14eCKHX 

11Jll1 napa311TH4eCKHX Cl1CTeMax, np11 HaJIHl-!1111 «4eJIH04HbIX sercropHbIX» nepe

HOClfHKOB. Hanp11Mep, npe)lnonaraeTC51, lfTO )lOHopoM 3yKap110T11qecKoro reHa 

TepMoycToifq11soii aM11Hoau11n-TPHK-c11HTeTa3bI y apxe11 Pyrococcus Morn11 

6bITb non11xeTbJ. B reHOMe naToreHHbIX 6aKTep11ii p11KKeTc1111 11 xnaM11)l1111 06-
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• ttaMMeHhll!ee 'IHCJIO nepettocos xapaKTeptto .umi 6oJiblllHHCTBa y3Kocne

ump1111ecK11x naTorettHbIX 6aKTep11ì1, )!(MBYllJHX B y3K11x 3KOJIOrH1.JecK11x 

HHlllaX ( CJie.uyeT OTMeTHTh, 'ITO OHI-I onpe.uemnoT BHpyJieHTHOCTb 11 TOK

CM'IHOCTb, a noceMy, HeCMOTp.s! Ha OTHOCl1TeJibHO tte60JibWYIO 'll1CJieH

HOCTb, 11rpaIOT cymecTBeHHYIO poJih B nepeHocax); 

• Ha1160Jibll!ee KOJIHl.JeCTBO nepeHOCOB xapaKTepHO .un.si CB060)lH0)!(11BYll\11X 

6aKTep11ì1: (6aKTep11ì1 e w11poK11M11 3Konorn1.JeCK11M11 apeanaM11); 

• «pe)!(e scero B rop1130HTanbHbIH nepeHoc sosneKaIOTC.si reHbI 11ttcpopMau11-

0HHhIX Cl1CTeM, COCTaBJI.s!I01Ul1e 6a30BbIH reHOM (TpaHCKp11nu1111, TPaHC

n.siu1111, penm1Kau1111), noCKOJihKY npo.uyKTbl 3Tl1X reHOB BXO)l.s!T B CJIO)!(

Hhle 6eJIKOBhie KOMTIJieKCbl, r.ue ,,'ly)!(Me" 6eJIKl1 He BCTpa11BaIOTC.s! 11Jil1 He 

cpyHKI..(MOHHpyIOT»; 

• «rop1130HTaJibHble nepeHOCbl cneu11cpM'1Hhl, TIOCKOJlbKY np1106peTeHHblH 

reH 06ttapy)!(11BaeTC.sI, KaK npaBHJIO, TOJlbKO B KJieTKax onpe.ueJieHHOro Bl1-

.ua MJIM .ua)!(e lllTaMMa»; 

• «11arue scero B rop1130HTaJibHhiì1 nepettoc sosJieKaIOTC.si rettbI onepau11ott

Hb1x c11cTeM, 06cJiy)!(11Ba10ru11x MeTa6oJIM3M, TpattcnopTHbie ITyTH, Mexa

HM3MbI CMrHaJihHOH TpaHC.llYKUl111»; 

• y MHOfMX 6aKTep11ì1 cpe.u11 JiaTepaJibHO npHBHeceHHblX reHOB 60JiblllYIO 

)lOJIIO COCTaBJI.s!IOT cpyHKI..(HOHaJibHO He11.uettT11cp11u11poBaHHHbie reHhI; 

• «B COCTaBe np1106peTeHHbIX cerMeHTOB ~ 'laCTO 06ttap~11BaIOTC.sI npocpa

r11, TIJla3Ml1)lbl, KacceTbl pe311CTeHTHOCTl1, rettbl 6eJIKOB, y11aCTBYIOll\l1X B 

npoueccax caì1T-cneu11cp1111ecKoì1 11 ,,He3aKOHHoì1" peKoM611ttau1111, 06ec

ne1111sa10rueì1 11HTerpau1110 np11sHeceHttb1x reHOB». 

C. B. WecTaKoB noJiaraeT, 'ITO KOCBeHHbIM )lOKa3aTeJibCTBOM ttanpasJieH

HOCTH rop1130HTaJibHOfO .upeì1cpa MO)!(eT CJIY)!(MTb KOJIM'leCTBO cneu11aJil1311pO

BaHHblX rettoB (131]. Y TepMocp11JibHhIX s11.uos 6aKTep11ì1 Thermotoga maritima 

11 Aquifex aeolicus 15 % reHoMa cocTaBJI.sIIOT reHhI TepMocp11JihHbIX apxeì1, '!TO 

TI03BOJI.sieT-fOBOp11Tb o rop1130HTaJibHOM .upeii:cpe OT apxeì1 B KJieTK11 npe.uweCT

BeHHHKOB cospeMeHHhIX TepMocpHJihHhIX BH.llOB 6aKTep11ì1 . B .si.uepttoM rettoMe 

3yKap110T TaK)!(e tteMaJio rettoB, xapaKTepHbIX )lJI.sI apxeì1 11JI11 6aKTep11ì1. '.:ho 

MOrJIO 6b!Tb pe3yJibTaTOM nepeMerueHM.sI B .si.upo reHOB 113 Ml1TOXOH.llp11ì1 11Jll1 

XJioponJiaCTOB, B03Hl1KWl1X Ha 6a3e npoKap110Tl11.JeCKl1X reHOMOB, npeTepneB

llll1X pe.uyKuMOHHYIO 3BOJIIOU11IO, JI1160 3a ClJeT l1HTerpau1111 1.Jy)!(epO.llHblX 

cpparMeHTOB ,ll.HK, noCTyna10ru11x e rr11rueì1: (Harrp11Mep, np11 noe.uaH1111 6aKTe

p11ì1: rrpOTMCTaM11). fop1130HTaJibHb!H nepeHOC reHOB MO)!(eT npo11cxo,n11Tb 11 B 

o6paTHOM ttanpaBJieHl111 - OT 3yKap110T K npoKap110TaM B C11M6110Tl1'IecKMX 

MJIM napa311TM'leCK11X Cl1CTeMax, np11 HaJIH'IMM «'leJIHO'IHbIX BeKTOpHbIX» nepe

HOC'IMKOB. Harrp11Mep, rrpe.unoJiaraeTc.si, 'ITO .uottopoM 3yKap110T111.JecKoro retta 

TepMoycToì11111soì1 aM11Hoau11JI-TPHK-c11HTeTa3bI y apxe11 Pyrococcus Morn11 

6h!Th noJI11xeTbJ. B rettoMe naToreHHhlX 6aKTep11ì1 p11KKeTc1111 11 xJiaM11,n1111 06-
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Hap)')KeHO OKOJIO 20 3)'Kapwon1qeCKHX reHOB, cpe.[(H KOTOpb!X npHBHeCeHHble 

reHhI 6enKOB, TPaHcnoprnpyromwx ATcD H A,IJ;cD. «3Tw TpaHcnopTHhie cwcTeMhl 

003BOJ!fl!OT naToreHHhIM 6aKTepHflM HCOOJih30BaTb pecypCbl KJieTOK- X03fleB. 

,[(pyrwe JyKapHoTwqecKHe reHhI , npwo6peTeHHhie naToreHHhIMH 6aKTepHflMH 

nyTeM ropH30HTaJihHoro nepettoca, 06ecneqttsa10T ,,Hana.[(eHHe" Ha KJieTKY xo-

3flHHa - 3TO <PepMeHThl npoTeOJIH3a, HHrH6HTOpbl HMMYHHOfO OTBeTa, peuen

TOpHbie 6eJIKH, o6nerqaJOLUHe naToreHaM npOHHKHOBeHHe B KJieTKY X03flHHa. 

Tio.llo6ttoro po.lla ropw10HTaJihHb1e nepeHOChI reHOB, no-BH.[(HMOMy, npowcxo

.llHJIH cpaBHHTeJibHO He.llaBHO s npouecce npespameHHfl HenaToreHHhIX wTaM

MOB B naToreHHhie». 

B xo,z:ie 6ttonorwqecKoì1 3BOJIIOUHH ropH30HTaJihHbie nepeHOChI conposo

:>K.llaJIHCh MHOroqwcneHHbIMH nOflBJieHHflMH HOBblX 0.llHHaKOBblX nporpecCHB

HhIX npw3HaKos Ha pa3nwqHbIX CTa.[(HflX 3BOJIIOUHH TaKCOHOB. TaK npowcxo.[(H

JIH, HanpwMep, nepeXO.[(hl OT penTHJIHH K MJieKOnHTa!OLUHM, OT ronoceMeHHhIX 

K noKpbITOCeMeHHbIM, OT qepseo6pa3HbIX K qJieHHCTOHOfHM, B03MO:>KHO, H OT 

o6e3bflH K qenoBeKy. 0.llHa H Ta )!(e uenoqKa ,[(HK BCTpeqaeTCfl cpa3y y BOCbMH 

pa3HhIX BH.llOB )l(HBOTHhIX, BKJIJOqafl Mblillh, KphlCY H a<ÌJpHKaHCKYIO wnopue

BYIO JiflrywKy. l1 Ta :>Ke uenoqKa ,[(HK OTCYTCTByeT y KypHI . .\, cnottos w JIIO.lleì1, 

qTO n03BOJifleT .[(OnycTHTb nOflBJieHHe nocne.[(OBaTeJibHOCTH ,[(HK B reHOMax 

HeKOTOpb!X )l(HBOTHbIX nyTeM Me)l(BH.llOBOfO CKpemwsaHHfl. 

K OCHOBHblM nymRM 2eHemu'1eCK020 òpeìùjJa cJ1eòyem omHecmu [134]: 

• KOH'h!OfaUMIO (ttanpasneHHafl nepe.[(aqa opraHH3MaMH HH<ÌJOpMaUHH Ha 

yposHe ,[(HK); 

• TpaHC<ÌJOpMaUHIO (1axsaT KJieTKOH q)')KOH ,[(HK H3 BHewHeH cpe.llbl); 

• TpaHC.llYKUHIO (nepeHOC B COCTaBe BHpycos, 0Jla3MH.[(, Mf3); 

• cnyqaHHhle BKJIJOqeHHfl q)')KHX reHOB XO.[(e penapauww pa3phIBOB ,[(HK 

npw HapyweHHH ueJIOCTHOCTH MeM6paH; 

• nepeHOC reHOB B CHM6110THqecKHX H napa3HTapHhIX CHCTeMax npH <ÌJH3H

qeCKOM KOHTaKTe KJieTOK; 

• Me)l(OpraHH3MeHHYIO reHeTnqecKylO peKOM6HHaUHIO B XO.[(e nonosoro 

pa3MHO)l(eHHfl ( CJIHflHHe raMeT, pe.llyKUHOHHOe .[(eJieHHe H KpOCCHHfOBep ). 

Tpa.llHUHOHHO cqwrneTcfl, qTo nonosoì1 npouecc KaqecTBeHHO ornwqaeTcfl 

60JihWeH H36ttpaTeJihHOCThlO, a TaK)l(e o6be.[(HHeHMeM H peKOM6Httauweì1 He 

<ÌJparMeHTOB (KaK 3TO npOHCXO.llHT npw 6onee npHMHTHBHhlX cnoco6ax pa3-

MHO:>KeHHfl), a uenhIX reHOMOB. flo3TOMY y 3yKapHOT Il36HpaTeJihHOCTh npttse

na K nOflBJieHHIO 6ttonorwqecKHX BH.llOB, a y HX npe.uweCTBeHHHKOB - npoKa

pHOT - Il36ttpaTeJihHOCTh npOflBJlflJiaCh B 6onee qaCTOM reHeTwqecKOM o6MeHe 

y 6JIH3KOPO.llCTBeHHhIX <ÌJOpM, qeM y 6onee y.llaJieHHhIX, HO 3TO He npttseno K 

cpopMttposaHHIO BH.llOB. Ho OKa1a11oc&, qTQ y npoKapttoT pa3Mep cpparMeHTOB 

,[(HK, nonyqaeM&IX H3 BHewHeii cpe,z:i&r, HeorpaHnqeH csepxy HJIH CHil3y, a no

TOMY B03MO)l(eH H roptt30HTaJihHblH nepeHOC acero reHOMa. 
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rnaBHa.si oco6eHHOCTb 6.ueJJJJOM.UHbIX KOJJOBpaTOK ( KJJacc lKMBOTHbIX, 

BKJJJOlJaJOll.(11H OKOJIO 400 B11.UOB) Bb!paJKaeTC.s! B fJOJIHOM OTKa3e OT fJOJIOBOro 

pa3MHOJKeH11.si [ 135]. TI0-s11.u11M0My, rronosoro pa3MHOJKeHM.si He 6brno yJKe y 

MX o6mero rrpe,UKa, lKl1BWero MHOro .uec.sITKOB Ml1JIJll10HOB JJeT Ha3a.U. HeKOTO

pb!e 3aHMCTBOBaHHbJe 6aKTepHaJJbHbie reHbl y KOJIOBpaTOK coxpaHl1Jll1 CTpyK

Typy, xapaKTepHyJO .un.si rrpoKapwoT11lJecKMX reHOB, a .upyrMe yJKe ycrrenM ofoa

secTMCb HHTpOHaMl1, xapaKTepHblMM .UJJ.s! 3yKapMOT, H, no Kpai1Heì1 Mepe, HeKo

TOpb!e M3 3aMMCTBOBaHHbIX reHOB pa6oTaJOT B KJJeTKax KOJJOBpaTOK. 8 KOHl]eBbIX 

y'laCTKaX MX xpoMOCOM 6bIJIO o6HapylKeHo MHOJKeCTBO reHOB, He BCTPelJaJO

ll]MXC.s! HM y KaKMX .upyrttx lKHBOTHbJX: HeKOTOpbie M3 3TMX reHOB rrpoMCXO.U.s!T 

OT 6aKTepMì1, .upyrtte - OT rptt60B, TpeTbM - OT pacTeHMH. 

Tiapa3MTMlJeCKa51 6aKTepM51 BOJJb6aXM51, lKMByll]a.si B KJJeTKax MHOrMX 6ec

fl03BOHOlJHbIX yJKe oKono 100 MJJH neT, ttay'lttJJaCb rrptt rr0Mom11 peryn.siTopHbIX 

6eJJKOB yrrpaBJJ.s!Tb pa3MHOJKeHl1eM M pa3BMTMeM CBOMX X0351eB: rrpespall]aTb 

caMl]OB B caMOK, 1136MpaTeJJbHO y6MBaTb 3apO.UbIIlleì1 MyJKCKOro fJOJJa, fJOBbl

waTb fJJIO.UOBMTOCTb 3apalKeHHbIX caMOK M T . .u. 8 reHOMe caMOH BOJJb6axMM 

eCTb reHbl, rrpe.urroJJOlKMTeJJbHO 3al1MCTBOBaHHbJe y 3yKapMOT [ 136] . 
K 2008 r. 6brno orrMcaHo 40 cnyqaes rop1130HTaJJbHOro rrepeHoca MMTO

XOH.UpttaJJbHbIX reHOB OT O.UHOro pacTeHM51 K .upyroMy. Il lJaCTO B o6MeHe yqa

CTBYJOT napa3HTHlJeCKMe pacTeHM51, lJTO rro.uTseplK.uaeT rrpas11no - rrp11 rrapa-

3MTapHOM rrepeHoce reHOB Heo6XO.UMM TeCHblH <fJ11311lJeCKMH KOHTaKT. Pa<P<Pne-

3M51 - pacTeHtte, rrapa3MT11pyIOmee Ha n11aHax po.ua Tetrastigma, 06pa3yeT B 

TKaH51X X035111Ha nilKM, HafJOMMHaJOll(Me rptt6HOH MMl]eJIMH. flo Ha6opy reHOB 

OHa rpyrrrr11pyeTC5! e MOJIO'laHHbIMM, a rro O.UHOMY M3 MMTOXOH.UpHaJJbHbIX re

HOB (nad 18-C) OKa3brnaeTC51 6JJMJKaì1wMM po.ucrneHHl1KOM n11aHb1. PeKop.ucMe

HOM rro.uo6Horo reHeTM'leCKOrO 3al1MCTBOBaHl151 51BJJ51eTC51 rrp11Ml1Tl1BHOe l]BeT

KOBOe paCTeHMe Amborella, paCTymee B Hosoii Kane.uoHMM, KOTopoe 3a11MCT

sosano y .upyrnx pacTeHMH 24 MMTOXOH.UpttaJJbHbIX re Ha [ 13 7]. 
AHan113 reHoMa .uttaTOMOBbIX so.uopocneii Phaeodactylum rroKa3aJJ, 'ITO 11x 

3BOJIJOl]MOHHbIH ycrrex B 3HalJMTeJJbHOH Mepe o6ecrre'!eH reHeT11'1eCKl1M .upeì1-

<fJoM - crroco6HOCTbJO 3a11MCTBOBaTb rrone3Hbie reHbI y 6aKTep11ì1. Ha .uonJO 3TOì1 

rpyrrrrbl rrp11XO.UMTC51 OKOJIO 20 % sceìi rrepBM'IHOH rrpO.UYKIJl1M 611oc<1Jepb!. Tiptt 

3TOM ,UMaTOMeM - cpaBHMTeJJbHO MOJIO,Ua51 rpyrrrra opraHl13MOB, a TeMflbl ee MOJJe

KYJI5iPHOH 3BOJJIOl]Ml1 B HeCKOJlbKO pa3 BbIWe, lJeM y fl03BOHO'IHblX. no CTpoeHMJO 

6eJJKOB .use .u11aTOMe11 6onee 3HalJ11TeJ1bHO OTJIM'laJOTC51 .upyr OT .upyra, lJeM qeJJO

BeK OT pbI6bl, HO MeHbllle, lJeM lJeJJOBeK OT Hl131l111X xop,UOBbrx: aMHHOKl1CJIOTHble 

flOCJJe,UOBaTeJJbHOCTM 6eJJKOB y .usyx ,UMaTOMett cosrra.uaKH Ha 54,9 %, 6eJJKM lJe

JJOBeKa M pbI6bJ <iJyry- Ha 61,4 %, a 'leJJOBeKa M aCl]M.U11H - Ha 52,6 %. 
MHortte 113 HOBbIX reHOB B03Hl1KJJM B pe3yJJhTaTe .uy6n11po0aHH5! M rrepe

KOM6HHaIJMM <fJparMeHTOB CTapb!X reHOB, M, fJO-BH.UHMOMy, BalKHbIM <fJaKTOpOM 

3THX H3MeHeHMH 6b1Jla ,Ue51TeJlbHOCTb M06MJJbHblX reHeTH'leCKHX 3JleMeHTOB -

peTPOTPattcrro30HOB. Ho B reHoMax .uttaTOMeìi o6ttapyJK11JJOCb TaKJKe 587 reHOB, 

3aMMCTBOBaHHblX MMM y rrpoKapHOT - l]HaHo6aKTepMH, rrpoTeo6aKTepHH, ap

xeii 11 .up. oaKTepttaJJbHbJe reHbI rroMoraJOT .uttaToMe51M ocymecTBJJ51Tb p51.U 
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6HOXHMHl!eCKHX peaKL(HH, He CBOHCTBeHHhIX .npyrHM 3yKapHOTaM, MHOrHe re

Hhl OTHOC5!TC5! K pe11errTOpHblM H CHrHaJibHhIM 6eJIKaM, eCTh ,[la)f(e HeCKOJihKO 

CBeTOl!yBCTBHTeJihHhIX 6eJIKOB, 6Jiaro.nap5! KOTOpblM ,[IHaTOMeH MOfYT pearHpO

BaTh Ha H3MeHeHH5! ocsemeHHOCTH [138]. 

B 3BOJIIOUHH rrp11MaToB TO)f(e HMeno MecTo Heo.nHoKpaTHOe rrp1106peTett11e 

rroJie3HhIX «l!Y)f(HX» reHOB. HarrpHMep, r eHhI ENVVl 11 ENVV2, pa6orn10m11e 

B IIJiaL(eHTe y o6e3h5!H H qeJIOBeKa, IIO rrpoHCXO)f(,LleHHIO 5!BJI5!IOTC5! reHaMH 6eJI

KOB o60JIOl!KH perpos11pyca [128]. IlepsopO,LIHh!H perpos11pyc BCTPOHJIC5! B re

HOM HaIIIHX rrpe,LIKOB, H IIOCJie pa3,LleJieHH5! JIHHHH o6e3h5!H H JieMypOB CTaJI 3H

.noreHHhIM peTpos11pycoM. BcKope OH rro.nseprc5! LIBYM rrocJie.nosaTeJihHhIM .nyrr

Jil1Ka1(H5!M, B pe3yJihTaTe qero rronyqHJIOCh TPH OL\HHaKOBhIX 3H,L1operpos11pyca, 

pacrroJIO)f(eHHhIX no coce.ncrny Ha o.nHofi xpoMocoMe. feH ENVV2 rrp1106peII B 

pe3yJihTaTe MYTaUHH IlOJie3HOe ,[IJI5! X035!HHa CBOHCTBO H coxpaHHJIC5! OT6opoM, a 

reH ENVV3 6hIJI yrpaqeH 06m11M rrpe.nKOM qeJioseKa 11 IIIl1MrraH3e 11JIH «3aMOJI

'IaJI». 0cTaBIIIHec5! reHhI BhIITOJIH5!IOT TPH cpyttKL(HH: yrrpasJieH11e CJil15!HHeM KJie

TOK B xo.ne cpopMHpOBaHH5! Hap~HOfO CJI05! IlJiaL(eHThl, 3al1(11Ta 3M6pHOHa OT 

HMMyttHOH CHCTeMbl MaTep11, 3al1(HTa 3M6pHOHa OT «ll~HX» perpos11pycos. Ta

K11M o6pa30M, reHeTHl!eCKHe MO,L111cpHKa1(1111, KOTOpb!M IlO,[IBepraIOT opraHH3M 

peTPOB11pychI, B ,[IOJirocpO'IHOH rrepcrreKTHBe MOfYT 0Ka3aTbC5! IlOJie3HhIMH. 

CIIe,Lly5! [ 131 ], MhI MO)f(eM OTMeTl1Th, l!TO pOllb 2opu3onmaJ1bHOZO òpeìipa 

6 6uoJI02U'JeCKOU 360Jl/01.fUU B OCHOBHOM TaKOBa: 

1 . Ha caMhIX paHHHX 3Tarrax 3BOJII01(1111 cymecTBOBaJI 06m11fi rryII reHOB s «He

ycT05!BIIIHXC5!» rrpe,LIKOBhIX KJieTKaX, Me)f(,[ly KOTOpblMl1 rrpOHCX0,[111Jl HHTeH

CHBHhIH o6MeH reHaMH. B 3TOT rrep110.n IIIJIO rrepepacrrpe.neneHHe reHeT11tie

cKofi HHcpopMa1(11H, l!TO C,[leJiaJIO B03MO)f(HhIM CIIe1(11aJIH3aUHIO H aBTOHOMH-

3aUHIO KJieTOK, .naBIIIHX Ha'IaJIO OT,[leJibHhIM TaKCOHOMHl!eCKHM JIHHH5!M. 

2 . KapTHHa 3BOJII01(HOHHhJX CB5!3eìl: B coo6mecTBe rrpe.nKOBhIX rrp0Kap110T 

rrpe.ncTaBJI5!Jia co6ofi He seTB5lll.\eec5! .nepeso, o6ycnosJieHHOe sepT11KaJih

HhIM pa3BHTHeM, a csoero po.na 3-MepHbIH MHUeJIHH e ceTbIO ropil30H

TaJihHhIX rrepeHOCOB B rrepeKpbIBaIOI1(HXC5! 3KOJIOrH'IeCKHX HHIIIax. Ilo 

3TOH rrpwmHe reHOMhl rrp0Kap110T H 3yKapHOT M03aHl!Hhl, l!TO H IlOCJiy

)f(l1JIO 11CXO,[IHOH OCHOBOH 6JIOl!HOH 3BOJIIOUHH reHOMa. 

3 . «MHorne opraHl13MhI (s rrepsyro oqepe.nh rrpoKapHOThr) yqacrnosaJIH B 

ropH30HTaJihHhIX rrepeHocax KaK ,,rrpoTOl!Hhre" eMKOCTH. EcJIH 6b1 B rrpo-

11ecce 3BOJIIOU11H 3HTepo6aKTep1151 Escherichia coli TOJihKO rrp1106peTaJia, 

HO He Tep5!Jia reHhl, TO pa3Mep ee reHoMa ,[IOJI)f(eH 6bIJI 6hI YLIBOHThC5! 3a 

100 MJIH JieT, e Tex rrop KaK rrpOH30IIIJia ,[IHBepreH1(H5! e 6JIH3KOp0,LICTBeH

HOH 6aKTep11efi Salmonella. Ho pa3Mep reHOMa E .coli rrol!TH He H3MeHHJI

C5! 3a 3TO ,[IJIHTeJibHOe BpeM5!. oaJiaHC reHHhIX IIOTOKOB, rrpHBOMU.\HX K 

rrp1106peTeHHIO H yrpaTe reHOB, orrpe.neJI5leT He TOJihKO a.narrTHBHYIO 113-

MeHl!HBOCTh opraHH3MOB, HO H IIOMep)f(aH11e OilTHMH3HpOBaHHOfO pa3-

Mepa reHoMa. CKopocTH reHHhIX IIOTOKOB y pa3HhIX rpyrrrr opraHH3MOB 

pa3JIH'IHhl 11 BJIH5!IOT Ha TeMIIhl 3BOJIJ01(HH reHOMOB». 
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4. He TOJibKO caM reHoM, HO H crroco6&1 ropH30HTaJI&Horo nepeHoca reHen1-

qecKoro MaTepwana 51BJI5llOTC51 o6beKTaMH 3BOJIIOUHOHHOro npoue cca . 

«3BOJIIOUHOHl1PYIOT KaHaJibl reHeTwqeCKOH KOMMYHHKaUH11, MexaHl13Mbl 

peKOM6HHaUHH, yqacTBYIOll.IHe B ,,rrpmKHBJieHHH" HJIH ,,OTTOp)l{eH1111 " 4Y

)l{HX reHOB. Ecn11 B KaKHe-To nepHO.UbI rno6arr&HbIX reoccjlepHbIX H 6.110-

ccjlepHhIX rrepeMeH MeID!eTC51 .uwaml30H BeKTOpHb!X CHCTeM (swpycos, IIJla3-

MH.U, M06HJibHb!X :rneMeHTOB H T. n.), IIOBbilUaeTC51 peKOM6HHaU110HHa51 

aKTHBHOCTb H qacTOTa ropH30HTaJibHb!X nepeHOCOB reHOB, TO yseJil1411Ba

eTC51 H sep051THOCTb rrp1106peTemrn HOBb!X reHOB, o6ecrre'lHBalOll.(11X ceJieK

THBHb!e rrpeHMyll.leCTBa KJieTOK. 3TO He MeHee Ba)!(Hb!H cjlaKTop 3BOJIIOU.1111, 

'leM H3MeHeH11e TeMnOB CIIOHTaHHOfO 11JIH HH.Uyu11poBaHHOro MYTareHe3a . 

BoJIHbI ropH30HTaJibHOro rrepeHoca reHOB MOrYT 6hITb HHHU11HposaHbI no

BbillleHHeM IIJIOTHOCTl1 KOHTaKTHPYIOll.IHX norryJI51UHH. TaM, r.ue HeT aK

THBHb!X KOHTaKTOB, He 6y.ueT H ::icjlcjleKTHBHoro rrepeHoca reHoB. Oco6eHHO 

pe3yJibTaTHBHbl TaKHe rrpoueCCbl B MHOrOKOMIIOHeHTHb!X coo6mecTBax, 

r.ue B3aHMO.UettcTBylOT pa3JIH'IHbJe opraHH3Mbl, MeTa60JIH'leCKH CB513aHHb!e 

Me)!(.uy co6oì1. feocjlH3HqecKHe, KJIHMaTH'leCKHe, 3KOJIOfH'leCKHe cjlaKTOpbl, 

6e3ycnoBHO, BJIH5llOT Ha ypoBeHb H .uwana3oH naTepaJibHOro rrepeHoca re

HOB· H, TeM caMbIM, Ha TeMIIbl H HanpasJieHl151 6HOJIOfHqecKOH 3BOJIIOU.1111». 

5. BHe.upeHHe «4~Hx» reHOB MO)!(eT H3MeH11Tb HarrpasneHHe 3BOJIIOU11H rro

nyIDIUHH, s11.ua 11 .ua)!(e TaKCOHa 6onee BbICOKOro Hepapx11qeCKOfO yp0BH51, 

cymeCTBeHHO IIOBJIH51Tb Ha cjleHOTHII opraHH3Ma H ero B3al1MOCB513H B 3KO

JIOfH'leCKOM coo6mecTBe. EcJIH nepeHOCbl OTHOCHTeJibHO He.uaBHHe, OHH 

OTHOC51TC51 K Y3KOcneuHaJIH3HposaHHblM, IIOCKOJlbKY npHo6peTeHHbIH reH 

06Hap~110aeTc5!, KaK npasm10, TOJibKO Ha KJieTO'lHOM yposHe. EcnH )!{e 

rrocne nepeHoca npourno .uocraTO'IHOe .UJI51 a.uanTau11w speMll, JT.11 reHeTH

'leCKHe H3MeHeHH51 MOfYT Hacrre.uosaTbCll B xo.ue .UHBepreHUHH H pacnpo

cTpaHHTbCll Ha ypOBHe TaKCOHa 6onee Bb!COKOro ypOBHll. 

IV. )1ueep2e114uR u Ko11eep2e114uR - seKTopbI 6HOJIOrH'lecKoì1 3 BOJIIOU1111 . 

)J,Hseprem.i;Hll Ha'lHHaeTC51 Ha rronyJIHUHOHHOM yposHe H 06yc11os11etta reHeT11-

qecKHM .upeìicjloM H oT6opoM. TaK, pa3JIHqHll B cjlopMHposaH11H KOHe'lHOCTeìi y 

pa3Hb!X TaKCOHOB II03BOH0'1Hb!X o6ycJJOBJieHbl .UHBepreHu11e?i OCHOBHbIX re 

HOB, HarrpaBJilllOll.IHX 3TOT npouecc. 11 s pe3yJihTaTe 3Toì1 crreu11a11113aUHH pa3-

Hbie rpyIIIIbl opraHH3MOB B xo.ue OT6opa 3aH51JIH CO BpeMeHeM pa3Hble 3KOJIO

rwqeCKHe HHlUH. KOHBepreHUHll Ha6JIIO.[(aeTC51 B Tex CJiy'lallx, Kor.ua HepO.UCT

BeHHb!e TaKCOHbl, xapaKTepH3yeMb!e BHelUHHM CTpyKTypHo-cjlyHKUHOHaJibHb!M 

CXO.UCTBOM opraHOB H pa3HblMH HCTOqHHKaMH HX npOHCX0)1{.[leHH51, a.uarrTHpy

IOTCll K 0.[lHHaKOBb!M ycJIOBHl!M. HarrpHMep, KpbIJIO CTpeK03bl H JieTyqeìi MbllUH 

BHeWHe CXO)!(H H rro CTPOeHHIO H rro rrpe.UHa3Ha'leHl1IO, HO ccjlopMHpOBaJIHCb H3 

COBepweHHO pa3Hb!X KJieTOqHblX 3JieMeHTOB H KOHTpOJIHPYIOTCll pa3HblMH 

rpyrrrraMH reHOB. KoHsepreHUHll rrpol!BJilleTCll B rrapanneJIH3Me 3BOJIIOI.\HOHHO

ro rrpouecca. 
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611occpepa - eA1'1HblÌ1 opraHl'13M, 3BODIOl..(1'10H11py10w,Hì1 no 3aKOHaM, cornaCHO 

KOTOpblM ropH30HTanbHblÌ1 nepeHOC reHOB «pa6oTaeT» B npoapaHCTBe l'1 spe

MeHH, AHBepreHL(HR H KOHBepreHL.IHR - B T04Kax 61-1cpypKaL1HH, a OT6op KOHTpO

n1-1pyeT HacneACTBeHHOe 3aKpenneHHe np1-106peTeHHblX npH3HaKOB. 3neMeH

TapHOÌ1 eAHHl'11..(eì1 3BODIOl..(1'10HHOro OT6opa RBDReTCSl nonynRL(HR, eAHHHL1eì1 yc

TOÌ14HBOro 3BODIOL.1HOHHPOBaHl'1R - 61104eH03, coaasneHHblÌ1 11epapx1-14eCKOÌ1 

rnaeMoì1 aKrnBHblX cpeA. YcTOÌ14HBOCTb 3son10u1-10HHOro npo4ecca onpe,L\enR

eTrn ,[\HaneKrn4eCKHM e,[\HHCTBOM AHBepreHL(HH l'1 KOHBepreHL1HH B npo4ecce 

pa3BHTl'1Sl 3BOnt04HOHHpy10w.11x CHCTeM H 3aKpennsieTCSl Ha ypOBHe BH,[\a. 

06cy)K)lasnmec51 B )laHHOM pa3AeJie MexaHH3MhI onpe)leJIHJIH o6mtte 3a-

KOHOMepHOCTl1 3BOJIIOU11H 6ttocqiepbi. 

5.3.3. 3aKOHOMepHOCTll 3BOJIIOQllll 6Hoccpephl 

Bee Mbl nblTaeMCR OTKPblTb YHHBepca11bHblÌ1 3a

KOH npHPOAbl, H HeKOTOpble H3 HaC sepRT, 4TO KOrAa

HH6YAb OH 6yAeT OTKpblT. 

A. BereHep 

K .n:11aneKTWieCKHM 3aKOHOMepHocrnM caMoopraHmaUHH B npouecce 

3BOJIIOUl111 611ocqiephl KaK 11epapx1111 aKTl1BHhIX cpe.n: OTHOC5!TC51: )lHCKpeTHOCTh 

H ueJIOCTHOCTh, ycJIO)KHeH11e 11 .n:11<l><l>epeHu11au1151; UHKJil1qHOCTh IIOCTeIIeHHO

ro 11 CKa'IK006pa3HOro pa3Bl1T1151; napaJIJieJIH3MhI; 6noqHQCTh; KOMIIJieMeHTap

HOCTh CHM61103a H KOHKypeHu1111; rrporpeCCHBHhltt xapaKTep pa3BHTl151. 

I. /(uCKpemHOCmb u l{eJIOCmHOCmb, ycJIO:J/CHeHUe u òuq)(jJepeHl{Ual{U5l. 

«C ToqK11 3peHl151 IIJiaToHa... M11p npe)lcTaBJI51eT HeKoe e)l11Hoe uenoe, 

IIQ.L(qHH5!IOIUeec51 3aKOHY rapMOH11qecKoro .n:eJieHl151 - 30JIOTOro ceqeH1151» [ 139]. 
«B npoueccax rapMoH113au1111 CTPYKTYP 06beKT11BHOro MHpa pean113yeTC5! Me

xaHH3M orpaH11qeH115! e.n:11Hoo6pa3HeM .. . MHoroo6pa3H51. 3TOT MexaH113M rrpe.n:

cTaBJI51eT co6oìL .. qiopMy 3aKoHa coxpaHeH115! pa3Hoo6pa31151 c11cTeMhI» 11 311)K

.n:etc51 Ha «)ll1aJieKTl1'IeCKl1X 3aKOHax e.L(l1HCTBa 11 6oph6hI npOTl1BOIIOJIO)KH0-

CTeH, OTp11uaHl15! OTPHUaHl151, nepexo)la KOJIHqecTBa B KaqeCTBO .. . » [140]. 
Oco6h1M rrpo5!BJieH11eM 3THX 3aKOHOB 5!BJI51eTc5! caMoopraH113aU1151 11n11 caMo

ynop51.D:OqeHHe B 611ocqiepe . 

.ll:HCKpeTHOCTh 11 ueJIOCTHOCTh - )lBa <l>YHilaMeHTaJihHhIX )ll1aJieKT11qecKHX 

csoìicTBa opraHmau11H )KHBOH MaTep1111 Ha 3eMJie. OpraHeJIJihI B KJieTKax, caM11 

KJieTKH, O)lHOKJieTOqHhJe H MHOroKJieroqHbie opraHH3Mhl OT)leJieHbl !lpyr OT !lpyra, 

HO <l>YHKU110Hl1PYJOT BO B3aHMO)lettCTBl111 . .IJ:11cKpeTHOCTh )Kl1BOro coqeTaeTC51 e 

Heo6xO)ll1MOCThIO CXO)lCTBa 6Jil13Kl1X 3JieMeHTOB H, 0.L(HOBpeMeHHO, e HaJIHq11eM 

Heo6XO)ll1Mh!X 11 )lOCTaTQqHhIX OTJI11q11ìi, qTQ COCTaBJI51eT OCHOBY ecTeCTBeHHOro 

oroopa. TIO!l0611e B IIOKOJieHH5!X OCHOBbJBaeTC5! Ha KOHBapttaHTHOtt pe)lynJIHKaUH11, 

ocymeCTBJI51eMOH Ha OCHOBe Marp11qHoro rrp11Hu11rra, rrp11qeM MexaHl13Mhl 6HO

Cl1HTe3a B uerrO'IKe «reH - 6eJIOK - KJieTKa» yttHBepCaJihHhl )lJI5I BCett 6ttocqiepbi. 
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K 2!lG6HblM oco6eHHOCmRM ycflWICHemm u òuqxjJepeHIJUGZJUU 6uoJ102u'-le

cKux cucm0w, C!leòyem omHocumb cJie.LlYJO!l\11e: 

I. Hepapx11qecKoe cocymecTBOBatt11e 611oc11cTeM e pa3HbIM ypoBHeM cJJO)f(

HOCTl1, B pe3yJibTaTe qero· rrp011CXO)ll1T cj:>opM11poBaH11e 11 yBeJJ114eH11e )J.0-

Jil1 BCe 6onee CJIO)f(Hb!X opraHl13MOB 11, KaK CJie,ll.CTBl1e, 06w:11A pOCT 6110-

pa3H006pa3115! 11 cneuHan113au1111. 

2. Bo3MO)f(HOCTb ttapacrn10mero ycKopett115! 3BOJIIOU110HHOro npouecca oc

HOBatta Ha ITOCTa)l11HHOM ycnm1<HeH1111 611oc11CTeM. ,ll;JI5! aBTOpOB 3)leCb 

rrpocMaTp11BaeTC5! tteKoTopa5! attanor1151: KaK BO BceneHHOH 6onee y.Lla

JieHHbie raJiaKTl1KH pa3JieTalOTC5! CO Bee 60JlbWeH CKOpOCTblO, TaK 11 CJIQ)f(

Hhle 611onorn4ecK11e oprattl13MhI 3BOJIIOU110H11py10T e ycKopett11eM. TonbKO 

B 3TOM cnyqae ycKopeHHe CB5!3aHO ew:e 11 e 113MeHeH11eM 3BOJIIOU110Hl1-

py10mero cy6cTpaTa: cp11311KO-Xl1Ml14eCKa5! 3BOJIIOU115! CMeH11JiaCb 6HOJIO

r11qecKOH, 611onor114eCKa5! CMeH5!eTC5! KOfHl1THBHOH. 

3. YcJIO)f(Hett11e cTpyKTypHo-cpyttKu110HaJibHOH opratt113au1111 npo11cxoJJ.11T B 

qepeJJ.e rrocTerrettttoro 11 cKa4KOo6pa3ttoro 3TarroB pa3Bl1TH5!. CKaLfKoo6-

pa3HOCTh 3BOJIIOU1111 eCTb CJle,ll.CTBl1e HeJI11HeHHOro pa3BHT115! qepe3 611-

cj:>ypKau1111 11, KaK rrpaBl1JIO, CB5!3aHa e H3MeHeHl1eM BpeMeHHh!X xapaKTe

p11CTl1K 6HOCl1CTeM, onpe)lemI!Ollll1X KorepeHTHOCTb B3aHMO)leHCTBHH. 

CMeHa cTpyKTyptto-cpyHKU110HaJibHbIX ypoBHeH CB5!3aHa e qepe.LlOH no

CJieJJ.OBaTeJibHbIX rrepeXO,ll.OB «CTpyKTypa - xaoc». 3Tl1 nepeXO)J.bl LfaCTO 

CB5!3aHhl CO CMeHOH Cl1MMeTp11H 11Jll1 BJIO)f(ett11eM 3THX C11MMeTpHH, OTpa

)!(alllHX cj:>paKTaJibHYIO rrpHpOJJ.Y 611onornLfeCKOH 11epapx1111. 

4. CB5!3aHHbie o6paTHbIMl1 CB5!35!Ml1 cj:>eHOTHn 11 reHOTHn «pacKa411Ba10T Ma5!T

Hl1K» 3HJJ.OreHHOro U11KJia, KOTOpbIH rrp05!BJI5!eTC5! B rronyJI5!Ul10HHbTX KOJle-

6aHl15!X. YBeJI11Lfett11e q11cneHHOCT11 oco6eii B rrorryJI5!UH11 Be)leT K ocna6ne

Hl1!0 ,ll.aBJieHl15! oroopa, a ee yMeHbWett11e - K yc11JieHHIO oroopa. C 3Tl1M 

3H,ll.OreHHbIM U11KJIOM cuerrneH 3K30reHHb!H U11KJI, B KOTOpOM nony1rnu11-

0HHbJe BOJIHhl 5!BJI5!!0TC5! TaK)f(e pe3yJihTaTOM B3al1MO)leHCTBl15! B Cl1CTeMe 

«cy6cTpaT - )f(eprna - Xl1lllHl1K». )lfoBa5! rrp11po.Lla 11MeeT neno e cynep

no3Hu11ef! Kone6aHHH BHYTPl1Bl1.LlOBhIX 11 Me)f(Bl1JJ.OBbIX u11KJ1114ecK11x 

B3a11MO.LlettcTBl1H. B o6meM cnyqae 3TO 11 cocTaBJJ5!eT oc1-10sy conp5!)f(ett115! 

M11Kp0- 11 MaKp03BOJJ!OUH11. 

5. YcJIO)f(HettHe 11 06oramett11e BHyTp11Bl1JJ.OBbIX 11 Me)f(BHJJ.OBbIX 11ttcpopMa

UHOHHh1x KOMMYHHKaUHH. «KOrHl1THBHhIH Jil1Cj:>T>> I10)lHHMaeTC5! e 60JJh

weii CKOpOCThIO, LfeM CTpyKTypHo-cj:>yHKU110HaJlbHblH 6110XHMl14eCKl1H, 11 

BJieLfeT 3a co6oii y)f(e ueJJbIH rryLfOK corrp5!)f(eHHhIX 113MetteH11H. 

B rrpouecce 3Bon10u1111 uenhHOCTh 611occj:>epb1 cTana B03MO)f(HOH BcneJJ.CT

BHe cuerrJieH1151 p5!.Lla 6110T11LfeCKHX KpyrOBOpOTOB, T. e. B03Hl1KHOBeHH5! TaKHX 

3KOCl1CTeM, B KOTOpblX 0)ll1HaKOBhJe «ITOPU11H» semecTBa B p a3HbTX cj:>opMax, 

npoxo)J.51 ITOCJJe)J.OBaTeJibHbie CTa,ll.11H Cl1HTe3a 11 .Llerpa)lau1111, MOrJJl1 HCITOJ!h30-
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BaTbCll MHOroKpaTHO. I10)J.06Hoe CTaJIO B03M0)1(Hb!M 6Jiaro)J,apll BKJIIOqeHJUO B 

3KOCl1CTeMbl He TOJibKO opraHl13MOB aBTOTPO<j)OB (xeMO- 11 <j)OTOCl1HTeTl1KOB), HO 

11 reTepoTPo<Pos. TaK B03Hl1KJia TP11Ma: rrpo)J.yUeHThI - KOHCYMeHThI - pe)J.y

ueHThI. Ba)l(HhIM HarrpasJieH11eM )J.aJibHeiiweii 3BOJIIOU1111 3Koc11cTeM CTaJIO CH11-

)l(eH11e rroTeph semecrna B xo)J.e 6110T11qecKoro KpyrosopoTa, a TaK)l(e l1HTeHc11-

<j)11KaUHH M11rpau1111 x11M11qecK11x 3JieMeHTOB. Ha11p11Mep, y )1(11BOTHhIX rrpouecc 

11HTeHc11<j)11Kau1111 6110Jior11qecKoro KpyrosopoTa semecTB corrp»)l(eH e B03H11K

HOBeH11eM TellJIOKpOBHOCTl1 (KaK 113BeCTHO, MJieKOIIl1Ta10m11e 3aTPaq11sa10T Ha 

co3)J.aH11e co6crneHHoii 6110Maccb1 OKOJIO I % oT rroTPe6JIHeMoro semecrna), a y 

pacTeHl1H - e 06pa30BaH11eM O)J.HOJieTHl1X TpaBl!Hl1CTbIX pacTeH11ii. 

B 11epapx1111 611oc<j)epb1 MO)l(HO rrpocJie)J.11Th 11epapx1110 yqacT11» O)J.Hl1X 11 

Tex )!(e <j)parMeHTOB 11o)J.c11cTeM Ha pa3HhIX ypoBHllX. TaK, 11errTl1)J.Hb1e <j)par

MeHThI «O)J.HOro 6eJIKa llBJill!OTCll TOJibKO qacTb!O COBOKYI1HOCTl1 <j)parMeHTOMOB 

BCex 6eJIKOB KJieTKl1, BHeKJieToqHOH cpe)J.bl, opraHOB, TKaHeii 11 ueJioro )1(11BOro 

opraHl13Ma ... B csoIO oqepe)J.b, rno6aJibHhIH 6eJIKOBo-11e11T11)J.HhIH <j)parMeHTOM 

llBJilleTCll COCTaBHOH qacTh!O rno6aJibHOro <j)parMeHTOMa Bcex Xl1M11qeCKHX 

semeCTB, scex )1(11Bb!X opraHl13MOB ... . <j)parMeHTaM11 llBJilllOTCll MOJieKyJihl, KO

TOpbie o6pa3yIOTCll 113 crreu11aJil1311pOBaHHb!X rrpe)J.UieCTBeHHl1KOB B pe3yJibTaTe 

0Tme1rneHttll cttrHaJibHoro 11errT11)J.a 11 rrporrerrTtt)J.a( OB ). 3TOT rrpouecc xapaK

TepeH KaK )J.Jill KpyrrHhIX 6eJIKOBhIX cTpyKTyp, TaK 11 )J.Jill oJI11ro-rrerrT11)J.HhIX pe

ryn»TopoB, CO)J.ep)l(amttx OT 2 )J.0 50 aMl1HOKl1CJIOTHbIX OCTaTKOB» [141]. (MO)l(

HO cq11TaTh, 4TO <j)parMeHTOMl1Ka ofo,e)J.HHlleT rrpoTeOMl1KY - HayKy o 6enKax H 

6tto<j)113HKY KJieTK11.) 

B KneTKe ycJIO)l(HeH11e 11 )J.tt<j)<j)epeHUttaUttll rrpoTeKan11 Ha ypoBHe peryn»

TOpHO-Mern6onuqecKoì1 ceTl1, «pa6oTal011\eH» Ha )J.BYX OCHOBHbIX ypOBHllX. Ha 

rrepBOM ypOBHe CHCTeMbl o6MeHa BemecTB pa6oTa!OT Xl1Ml14eCKl1e peaKUHH, 

IIO)J.aBJIHIOil\ee 60JibillHHCTBO KOTOpbIX KaTaJIH3HpyIOT <j)epMeHTbl. Ha BTOpOM 

ypOBHe perymnopHbIX CBl!3eH H 3 <j)<j)eKTOB pa60Ta!OT perynllTOpHbie 6eJIKl1 -

peuerrTOpbl, KOTOpbie pearnpyIOT Ha BHeWHHe 11JIH BHyTpeHHl1e <j)aKTOpbl 11 rre

pe)J.a!OT x11MuqecK11e rnrnanhI, 11HTerpttpy10m11e pa6oTy )J.pyrttx 6enKoB. Oco-

6yIO rpyrrrry peryJillTOpHbIX 6enKOB COCTaBJIHIOT crreu11an11311poBaHHbie 6eJIKH, 

peryJIHPYIOil\He C411TbIBaHtte reHeTttqecKoro KO)J.a 11 CHHTe3a 6enKOB. l1 B 3aBl1-

CHMOCTl1 OT ycnOBl1H JII06oì1 113 rro604Hb!X peryMTOpHb!X 3<j)<j)eKTOB MO)l(eT 

6hITb aKTHBHpOBaH H 3aKperrneH B XO)J.e 3BOJIIOUHH. 

DJiaro)J,apll MHOr0KJieTOqHOCTH IIOllBl1JiaCb ClleUttaJI113aUHll pacTeHHH. 3e

JieHbie BO)J.OpOCJIH B03HHKJil1 paHbille )J.pyrttx pacTeHHH Ha 3eMJie ( OKOJIO 1 MJip)J. 

neT Ha3a)J.), 1103TOMY y Hl1X OTMeqaeTCll MHOro pa3HblX crroco6oB rronosoro 

pa3MHO)l(eH11ll. B )J.aJibHeì1weM pacTeHl1llM rroTpe6oBaJIOCh eme 580 MJIH JieT 

)J.Jlll Toro, qT06bI rrepeHTl1 OT BO)J.HOro o6pa3a )l(If3Hl1 K Ha3eMHOMy. 3TO CTaJIO 

B03MO)l(HbIM IIOCJie Toro, KaK y HHX IIOllBl1JICll 311H)J.epMHC - crreu11aJibHal! 110-

KpOBHall TKaHb e TOJICTbIMll KJieT04HblMl1 CTeHKaMH, IIO)J.)J.ep)l(11BaIOmall Teno 

pacTeHttll B HOBOH cpe)J.e. Brnpoì1 6ttonornqecK11 ueJiecoo6pa3Hoii crreuuanH3a

u11eì1 B XO)J.e 3BOJIIOU1111 CTaJI rrp11KperrneHHb!H o6pa3 )1(113Hl1, II03BOJil1Billl1H pac

TeHHllM llHTeHCH<j)HUHpoBaTb 113BJieqem:re IIHTaTeJibHblX semecrn H3 rroqs. 
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)l.JU! JlOCTmKeHlrn ycTOHqHsoro COCTO.llHl1.ll 611occpepb1 Ha onpener1eHHOM 

:nane ee 3BOJUOU11H Heo6xonHM 6anaHC Me)f(ny pa3HOHanpaBJieHHOH Bl1JlOBOH 

ananTal.(HeH K noCTO.sJHHO H3MeH.sJI011.(HMC.!I ycJIOBH.sJM cpe,Zlhl 11 ueJIOCTHOCTb!O 

cooTBeTCTBYIOmero 611oueH03a. A,narnaUH.!I rrpenrronaraeT cornacosaHHOCTh 

BHeIUHHX cpaKTopos 11 BHyrpeHHeH roMeocTaTH'JeCKOH perym1u1111 . B 3TOM 

cnyqae KOHKpeTHblH :meMeHT aKTHBHOH cpe,Zlbl, onpeneJI.sJ!Oll.(11H HanpaBJieHHe 

3BOJIIOUHH, rrpenrronaraeT cnenyIOmyIO rrp11q11HHo-cnencTBeHHYIO no3Tarr

HOCTh: ycJIO)f(HeH11e ---> nonnep)f(aH11e ueJIOCTHOCTH 611oc11cTeMbl , CBH3aHHOe e 

cornacosaHHOH pa6oTOH nsyxyposHesoì1 peryn.11uH11 rrocpencTBOM caMoopra

HH3au11H, ---> nanhHeìiwee ycJIO)f(HeH11e 11 T. n. 

EcnH speMeHHOH HHTepsan 01<a3hrnaeTc.11 ttenocTaTOlJHhIM JlJl.11 cpopM11po

saH11.11 ycTOHlJHBOro COCTO.sJHl1.sJ, 6110CHCTeMa MO)f(eT CTaTh 6onee YH3Bl1MOH K 

113MeHeHH!O BHeWHl1X cpaKTOpOB. 3TOT Jll1C6aJiaHC MQ)f(eT 6b!Tb HHBeJI11pOBaH 

3a ClJeT cpopMttpoBaHH.11 HOBhlX corrp.sJ)f(eHHhIX BHeWHHX 11 BHyTpeHHHX peryn.11-

TOpHb!X CB.sJ3eH cnenyIOII..(HMl1 cnoco6aMH [124] : 

• ITOBhIIUeHHeM He3aBl1Cl1MOCTH opraHH3Ma OT BHeWHl1X ycJIOBHH nyTeM 

nonnep)f(aHH.11 BHyrpeHHero roMeocTa3a, HanpHMep, ITOCTO.llHHOH TeMne

parypbl Tena 11Jil1 rpa,ZlHHTa pH, qTQ Tpe6yeT pa3Bl1TH.ll MeTa6oJIH3Ma H 

ITOKpOBHbIX TKaHeH ( :noT cpaKTOp MQ)f(eT pa6oTaTh TOJihKO onpeneneHHOe 

speM.11 no cnenyIOmero H3MeHett11.11 cpenh1); 

• C03,ZlaHHeM aneKBaTHhIX H3MeHl1BWeHC.sJ cpene ycJIOBHH 0611TaHH.!I HJIH 

MHrpauHeH. 

EcnH )!(e CHCTeMa rrotJeMy-nH6o B Kal.Jecrne npHop11TeTHhIX BhIJlellileT 

«BHelIIHHe» perymrTOpHbie cpaKTOpbl, TO H 3Ta OJlHOHarrpaBJieHHOCTh rrorpe6yeT 

OT Hee JlaJibHeiiwero ycJIO)f(HeHID! - Borrpoc B nyrnx ee JlOCTl1)f(eHHH 11 CKOpOCTH 

3BOJI!Ol.(HH. flo3TOMY caMb!M paUHOHaJihHh!M rryreM JlOCTH)f(eHH.11 perym1TOpHoro 

6anaHca .sJBJU!eTC.11 cornacoBaHHOe pa3BHTHe BHyrpeHHHX H BHeWHHX MexaHH3-

MOB. Cnenyer yq11Tb1BaTh, lJTO JII06oe yCJIO)f(HeHHe rrpHBOJlHT K nanhtteìirueìi 

n11cpcpepeHUHau1111 6JIOKOB 11, cnenosaTeJihHO, K ysen111JeH11IO speMe1m cornacosa

HIDI Me)f()!.y 6JIOKaM11 11 JlBYMH perymrTOpHhIMl1 BeTB.sJMH, noCKOJihKy, lJeM 60JibWe 

CB.sJ3eH B CHCTeMe (npHMb!X H o6paTHbIX, ITOJIQ)f(HTeJihHhlX H 0Tp11UaTeJibHhIX), 

TeM 6onee anarrTHBHa 3Ta CHCTeMa 11 TeM MeHhllie cnyqaHHhIX OTKJIOHeHl1H OT 

cTau110Hapttoro cocTO.sJHH.sJ ycTOHlJHBOCTH. TaKHM o6pa30M, npouecc yCJIO)f(He

HIDI 11 Jl11cpcpepeHUHaU1111 CTaHOBl1TC.sJ aBTOKaTaJil1T11lJeCK11M. vbBeCTHO, 1.JTO CTO.sJB

JieHHe HOBhIX Bl1Jl0B rpaB0.11,ZlHh!X MO)f(eT CTl1MYJIHpOBaTb s11noo6pa30BaHHe y 

XHII..(HHKOB, a HOBb!H Xl111.(Hl1K CTl1MyJrnpyer BH,Zl006pa30BaHHe )f(epTB. A cornaco

BaHHa.!I «pa6oTa» opraHH3MOB-Cl1M6HOHTOB ( napa311TOB H X03HeB) Taf()f(e BbI3hIBa

eT uenttyIO peaKUH!O JlaJihHeiiruero BHJl006pa30BaHIDI. B KOOp.UHHaTe BpeMeHH 

orr11caHHhlH npouecc MO)f(eT paCCMaTpHBaTbC.11 KaK aBTOKOJie6aTeJibHblH. 

CTpYKTYPHO-cpyttKU110HaJihHOe npeo6pa3oBaHHe 611oc11cTeM 3atJacryIO cs.113a

HO e caMoycKopeHHeM 3BOJIIOUHOHHhJX npoueccoB - aBTOKaTaJIH30M. qeM CJIO)f(

Hee opraHl13M, TeM Bh!We sepO.s!THOCTh eme 60JibWero ycJIO)f(HeHl1.sJ nOTOMKOB, 

- -
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l1 TeM 6onee ycKopeHHhIMl1 TeMrraMl1 rrpoTeKaeT 380JIIOUIDI. Y8enwrn8aeTC51 l1 cKo

poCTb o6pa308aHIDI H08b!X 811.L.108 8HyTpl1 coo6meCTS: CTaH08JieH11e pa3H006pa3-

Hb!X cpopM a.narrrnu1111 y MJieKOIIl1TalOU(l1X 3aH51JIO 3Haq11TeJibHO 6onee KOpOTKHll 

cpoK, qeM y rrpeCMb!KaIOU(l1XC51 (.Lll1cpcpepeHu11auID1 y rrpeCMbIKaIOU(l1XC51 3aH51Jia 

100-11 O MJIH ncr, a y rrnaueHTapttbIX MJieKorrHTa10m11x - Mettee 40-50 MJIH ncr). 

A pOCT 6ttopa3H006pa3ID1, 8 C80l0 oqepe.nb, np1180.Lll1T K y8eJIJ1qeHl1lO 8epo51THO

CTH II051BJieHI151 H08b!X TaKCOH08 [ 142]. l1 orrpe.neJI5llOU(l1M cpaKTopoM 3TOro a8TO

KaTaJil1TJ1qeCKOro rrpouecca Ha cpoHe KOHKYPettu11tt CJI)l)Kl1T c11M61103, rroToMy qro, 

KaK Mb! )l)Ke IIHCaJil1 paHee, KOHKYPeHUHIO uenecoo6pa3HO 80CIIp11HHMaTb 8 Tep

Ml1Hax 6Jil13KO.LleìicTBIDI, a Cl1M61103 - .LlaJibHO.LleìicTBIDI. 

I10.L.1T8ep)!(,UeH11eM a8TOKaTan11T11qecKoro xapaKTepa pocTa 611opmH006pa3ID1 

cTano 11ccne.no8att11e 380JI10u1111 Myx11 Rhagoletis pomonella, KOTopa51 3a 150 neT 

«OTnOqK08aJia» H08blll 8H.Ll, CTl1MYJI11p08a8llll1ll, 8 C80l0 oqepe.nb, rrpouecc 811.Ll0-

o6pa308aHIDJ y Hae3.LIHl1K08, rrapa3ttTHpYJOmttx Ha 3Tl1X Myxax [143]. .[(anee, rro 

np11Hu11rry o6paTHOll ITOJI0)!(11TeJibHOll C851311, Hae3.LIHl1Kl1 CTaJIH KaTaJil1311p08aTb 

811.Ll006pa308aHl1e y Myx, 3aCTa8JI5151 HX rrepeXO.Ll11Tb Ha H08Yl0 KOpM08YlO 6my . 

.[(o rro5!BJieH115! e8porreì.fue8 8 80croqHoìi qacT11 ClllA - po.n11tte Myx11 Rhagoletis 

pomorrella, ee n11qttHK11 pa38118aJil1Cb TOJibKO 8 rrno.nax 605!pbIWH11Ka. Cy6cTPaToM 

.LlJl5I pm.neneHIDI 811.Lla Ha .L.18a cTan11 rrp118eJeHHb1e KOJIOHl1CTaM11 8 XVII 8. ca)!(eH

UbI 516JIOHh. 3a rrpowe.nwne rromopa 8eKa ccpopM11po8an11cb .L.18a 811.Lla Myx -

6o51pblll1Hl1K08a51 11 516JIOHe8a51, y KOTOpb!X rroqT11 OTCyTCTByeT CKpell(H8aH11e 

(ypo8eHb rn6p11.nmau1111 He rrpe8b1waeT 4-6 %) 11 pa3MHO)!(ett11e rrpo11cxo.n11T 

TOJlbKO Ha TeppttTOpHH co6cTBeHHOll KOpM080ll 6a3bl. I1apa311TOM Myx Rhagoletis 

518Jl51IOTC51 Hae3.L.1HHKH Diachasma alloeum, rrp11 3TOM Ka)!(,UOMY 811.LIY Myx cooT

BeTCT8yeT C8oì.f 811.Ll rrapm11T08. TpeTttì.f yqacTHl1K coo6ruecT8a - pacTeHtt51 TaK

)!(e MOfyT 80BJieKaTbC51 8 3TOT rrpouecc (Harrp11Mep, IIyTeM C.Ll811ra cpOK08 U8eTe

HIDI), 1136aBJI5151Cb OT 8pe.n11Teneì.f. TaKHM o6pmoM, npouecc 811.Ll006pmo8aHtt51 

coo6rueCT8a 11.neT rro rrp11Hu11rry uerrttoì.f peaKu1111 e yqacTtteM a8TOKaTaJI113a. 

A IIOCKOJibKY IIOp5!.L.1Ka 20 % HaCeKOMb!X 518Jl51IOTC51 napa3HTaMl1, MO)!(HO c.nenaTb 

8b!BO.Ll OTHOCHTeJihHO .LlOCTaToqHoro MHOroo6pa31151 B03M0)!(H0CTeìi .LlJl5I a8TOKa

T.aJil13a KaK cpopMbI caMoopraH11Jau1111 611oc11cTeM . 

.[(ocTaTOqHo oqeBH.LlHO, qTo pocT pa3MepoB opraHH3M08 orpaH11q11saeTC5! 

He TOJlbKO ycJIOBIDIMl1 cpe.nbl (HarrpttMep, co.nep)!(aH11eM Kl1CJiopo.na B aTMOCcpepe), 

HO H ttx CTPYKTYPHo-cpyttKUHOHaJibHoìi opraH11Jau11eì.f. 3YKap110TbI, 6naro.nap51 

Han11q1110 6onee :icpcpeKTtt8HOro MexaHtt3Ma rrepe.naqn reHeTf!qecKoìi ttHcpopMa

u1111, CMOfJIH II03BOJIHTb ce6e HMeTb KJieTKl1 3Haq11TeJibHO 60JibWero pa3Mepa, 

qeM rrp0Kap110Tbl. KpoMe Toro, :iyKap110TbI 06na.nan11 6onee cosepweHHbIMH 

CHCTeMaMH peryJI51Ul111 pa60Tbl reHOB, qTo II0380Jl11JIO HX KJieTKaM 3a cqcr 

BKJIIOqeHIDI H BbIKmoqeHHH oT.nenbHbIX reHoB rrp1106peTaTb pa3n11qHb1e CTPYK

rypHbie Mo.n11cp11Kau1111 rrp11 HeHJMeHHOM reHOMe [144). PmMep «npocTbIX» 

KJieTOK (l-3 MKM) 11MeeT .n11cpcpy3110HHb!e orpaH11qeHl15! 11 COOTBeTcTBy10m11e 

CKopocrnM npeo6pmosaH115! MeTa6on11ToB. B KpYIIHbix :iyKapttoT11qecK11x KJieT

Kax (oT MHKpOMeTPa .uo caHTHMeTPa) 8KJIJOqaJOTC51 crreu11aJIH311pOBaHHb!e Me-
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xaHO-XHMIF!eCKHe MexaHl13Mbl rrepettoca npOTOIIml3MbII UHTOnJia3Mbl (KJieTKH 

BO.UOpocneH:; aKCOHbl, .ueH,UpHTbl HepBHb!X KJieTOK). 

B 3BOJIIOUHH 611occpepb1 c11cTeMa «XHIUHHK - )!(epTBa» pean111yeT rrp11H

u11rr aBTOKaTaJIH3a, rrpmrnm1IOIUHHC5! B IIOOO'!epe,UHOM yseJIH'!eHHH pa3MepOB 

oprattH3MOB pa3HhIX rpyrrrr. B o6meM cny•-rne 3Ta c11cTeMa KaK peryJI5!Topttbitt 

cpaKTop He CTOJibKO yseJIH'!HBaeT pa3Mepbl opraHH3MOB H '!llCJieHHOCTb nony

JI51UHH, CKOJibKO, B KOHe'!HOM HTOre, OIITHM113HpyeT HX. On5!Tb-TaKH B rrpo

CTpaHCTBeHHO- BpeMeHHOM cpe1e. 

K rrepe'!HIO IIOJIO)!(HTeJibHblX H OTp11uaTeJihHblX CTOpOH yseJIH'!eHH5! pa3-

MepoB opraHH3MOB MO)!(HO OTHeCTll TaK)!(e COOTBeTCTBHe pa3Mepa opraHH3Ma 

3HepreTH'IeCKHM 3aTpaTaM Il CKOpOCTll BbIMHpaHH5! BH,Ua. bOJibWOH pa3Mep op

raHH3MOB CHH)!(aeT pHCK CTaTb )!(epTBOH XHIUHHKa H YMeHhwaeT 3aTpaTbl 3Hep

rHH Ha e,UHHHUY MaCCbl, II03TOMY MHHHMaJibHblH pa3Mep MJieKOIIHTaIOIUllX or

paHH'IeH HHTeHCHBHOCTblO y.ueJibHOro (B pac'!eTe Ha e,UJIHHUY MaCCbl) 3Hepre

TH'!eCKOro 06MeHa (145). C yseJIH'!eHHeM pa3Mepa OpraHJl3MOB B03pacTaeT 

Bep05!THOCTb BblMllpaHH5! Bll,Ua - 'leM 60JibWe pa3Mepbl Tena, TeM MeHbWe 

IIJIOTHOCTh TaKCOHOB. KpoMe Toro, y KpyntthIX BH.UOB e 6onhweH: sepo5!THO

cThIO HaKaIIJIJIBaIOTC5! CJia6bie MyTaUHH. A IIOCKOJibKY y MJieKOIIHTaIOIUllX '!llC

JieHHOCTb IIOIIYJI5!UHH H Macca TeJia CB5!3aHbl o6paTHOH 3aBHCHMOCTbIO, Kpyrr

Hble BH.UhI .UOJI)!(HhI ttaKaIIJIHBaTb MyTau1111 6hICTpee, '!eM MeJIKHe. Ecn11 3TH 

MyTau1111 cna6b1e (T. e. OKa3hJBaIOT He3Ha'!HTeJihHOe OTPHUaTeJibHOe HJIH IIOJIO

)!(HTeJibHOe B03,UeHCTBHe), HX HaKOIIJieHHe H 3aKperrJieHHe y sceìi rpyIIIIbl 803-

MO)!(HO TOJibKO B pe3yJihTaTe CJiy'!aHHOCTH HJIH reHeTH'!eCKOro ,Upeìicpa (HaIIpH

Mep, IIpH IIpOXO)!(,UeHHH 4epe3 «6yTbIJIO'!HOe ropJiblWKO» MaJIOH '!HCJieHHOCTll). 

A B 6oJibWHX rronyJI5!UH5!X 3TOMY o6cT05!TeJibCTBY rrperrHcrnyeT oT6op, y.ua

JI5!IOIUHtt OTKJIOHeHH5! OT HOpMbl (146) . 
MeJIKHe MJieKon11Ta10m11e, xapaKTep111y10m11ec51 3Ha'!HTeJihHoìi seJIH'!H

Hoìi COOTHOWe HHH IIOBepXHOCTb/ofo,eM, BbIHY)!(JJ:eHbl, BCJie,UCTBHe 60JibWOH 

TerrnooT,Ua'!H, aKTHBHO rrornomaTb rr11my (111secTHhitt rrp11Mep - MhIWH 1eM

nepoìiKI-1) . B 3TOM OTHOWeHHH 3aMeTHOe npeHMyIUeCTBO IIOJiy'!aIOT KpynHbie 

TeIIJIOKpOBHbie )!(HBOTHbJe. 0.uHaKO 11 3,UeCb cymecTBYIOT orpaHH'!eHHH, Tenepb 

y)!(e MexaHH'!ecKoro xapaKTepa. B «.U11anore o .usyx rnastteìiw11x c11cTeMax 

MHpa» raJIHJICO raJIHJICH ( 1632) BbICKa3aJI MbICJlb O TOM , '!TO H3MetteHHe pa3-

MepOB c11cTeMhI 113MettHeT ee csoH:cTBa. Pacc~,Ua5! o npo'!HOCTH 6anoK 1.uatt11ìi 

H KOCTeìi )!(JIBOTHbIX, faJIJIJieìi BOCIIOJib30BaJICH o6pa30M fHIIOTeTH'!eCKOH «C0-

6aK11»: ecJI11 raJIHJieesa co6aKa cTaHeT B 2 pa1a BbIWe, TO, rrp11 coxpatteH1111 

nporropu11ìi, OHa CTaHeT B 8 pa3 60JibWe H TH)!(eJiee. DpH 3TOM npO'!HOCTb KOC

Teìi ,UOJl)!(Ha B03paCTll B 8 pa3, HO llX Ce'!eHHe yseJIH'!HTCH TOJibKO B 4 pa3a (3TO 

COIIOCTaBJieH11e 06beMa H IIOBepxHOCTH, rrponopu110HaJibHblX Ky6y H KBa.upaTy 

pa.u11yca). TaKHM 06pa10M, rrp11 yseJI11'!eH1111 pa1Mepos )!(HBOTHhIX II05!BJI5!IOTC5! 

orpatt11'!eH115! Ha pa1Mepb1 11 Heo6xo.u11MOCTh B HOBhJX nporropu11Hx. 

YseJI11'!ett11e pa3Mepos He orpaHH'IHBaeTCH TOJihKO opratt111MeHHhIM ypos

HeM. ,U11arra30H pa3Mepos reHoMa ( OT BHYTPllKJieTO'!HhIX 6aKTep11ìi e reHOMaMH 



524 rnasa 5. 3sornot.11115l reo6111occj:>epb1 3eMn111 

B 150- 200 Tb!C. rrap HyKJieOTl1J(OB ):(O HeKOTOpbIX aMe6 e 700 MJIPJ( rrap HYKJieo

Tl1J(OB) sapb11pyeT rroqT11 Ha 7 rropl!J(KOB. YJ(aJIOCb ycTaHOBl1Tb 3as11c11MOCTb Me

'lK.LlY ypOBHeM opraHmau1111 opraHl13MOB 11 pa.3MepoM reHoMa B XOJ(e 3BOJIIOl.(1111 

611occpepb1 [ 14 7] . B 3BOJIIOU1111 JI11H1111 «rrpoKap110TbI - MJieKorr11ra10m11e», B KO

Topott Ha1160Jiee IIOJIHO rrpOllBl1JiaCb TeHJ(eHl.(IUI K crpyKTypHo-cpyHKI..(110HaJib

HOMY ycJIOJKHeH1110, BbrnBJieHa rrpl!Mal! 3aB11c11MOCTb Me'lK.Lly yposHeM oprattma

u1111 11 Ml1Hl1MaJibHbIM pa.3MepoM rettoMa (MPr). )J,11HaM11Ka MPf B 3TOtt JI11H1111 

xoporno orr11chrnaeTCll MOJ(eJibIO rnrrep::iKrroHeHU11aJibHOro po era ( cTerreHHal! 

3KCIIOHeHTa), 'ffO II03BOmleT rrpeJ(IIOJiaraTb HaJI11q11e HeJI11HettHbIX o6paTHbIX IIO

JIOlKl1TeJibHblX cmneì1, 06ecrreq1-rna10m11x ycKopeH11e pocra MPf. f11rrep::iKcrro

HeHI..(11aJibHbIH pOCT CBl1J(eTeJibCTByeT o TOM, qTo yseJI11qeH11e reHoMa - aBTOKa

Jil1Tl1qecK11ì1 rrpol.(ecc [ 14 7]. B octtose asTOKaTaJI113a, rrpeJ(IIOJIOJK11TeJibHO, Jie

lK11T cpopM11pOBaH11e HOBbIX reHOB 11 peryJil!TOpHblX yqaCTKOB rryreM J(YIIJil1Kal.(1111 

11 nepeKOM611H11pOBaHH» 11Me!Oll.(11XCll cpyHKl.(110HaJibHblX yqaCTKOB: qeM 60JiblIIe 

KOJI11qecTBO reHOB, TeM 60JlblIIe Ha6op B03MOlKHbIX nepeKOM6i1Hal.(ttll 11X yqacT

KOB. CaMbIH pe3Kl1tt cKaLJOK B yseJI11qeH11tt MttHttMaJibHOro pmMepa reHOMa 3a

cp11Kc11posaH B II03J(HeM J(OKeM6p1111 11 pattHeM nane03oe (600-540 MJIH neT Ha-

3a):(), a MaKCl1MaJibHble TeMIIbI yseJI11qeHml 611opa.3H006pa311» 11Jll1 CJIOlKHOCTl1 

11epapx11qecKl1X ypOBHett lKl13Hl1 - B KOHl.(e Me3030ll 11 B KattH030e (Haq11Hall 

npttMepHO CO 100 MJIH JleT Ha.3a):(). HeCMOTp51 Ha TO qTo CKaqoK pocTa 611opa.3H0-

06pa.311ll B Me3030e 11 KattH030e rrp011CXOJ(l1Jl B OCHOBHOM 3a cqeT cpastrnTeJlbHO 

npOCTbIX opraHl13MOB (TaKl1X KaK MOJIJIIOCKtt l1 HaCeKOMbie) l1 B MeHblIIett CTene

Hl1 3a cqeT 6oJiee CJIOlKHbIX (KOCTl1CTbIX pb16, IITttl.( 11 MJieKOIIl1Ta!Oll.(11X), 3TOT 

cpaKT ,[(aeT B03MOlKHOCTb rrpeJ(IIOJIOlKl1Tb, qTo pocT reHOMa MOr crroco6cTBOBaTb 

pocry 6ttopa.3H006pa.311ll, rrpeJ(OCTaBttB J(OIIOJIHttTeJibHbJe CTerreHl1 CB060J(bl J(J151 

retteT11qecKttX KOM611ttau11ì1 . B KaKOH-TO Mepe, pa.3Mep reHOMa CBl!3aH o6paTHOH 

3as11c11MOCTb10 e q11cJieHHOCTb10 rrorryJilll.(ttl1. B 60Jibrn11x rrorryJIJIU1151X sepollT

HOCTb OTce11BaHl15! CJia6ospeJ(HbIX Myral.(11tt (cq11TaeTCll, qTo 60Jibilll1HCTBO J(yrr

Jll1Kal.(11tt yqacTKOB )J,HK llBJ15IIOTCll CJia6ospeJ(HblMI1 Myral.(ttl!M11) paCTeT, a B Ma

JleHbKl1X IIOIIYJilll.(11llX cna6ospe):(Hble J(YIIJil1Kal.(1111 11 HOBble KOIIl111 M0611JlbHbIX 

3JieMeHTOB MOryr HaKaIIJil1BaTbCll, yseJI11q11sal1 pa.3Mep reHOMa [147] . 
B ueJioM J(aHHbitt aBTOKan11T11qecK11ì1 npouecc Hoc11T MaKp03BOJIIOU110H

HbIH xapaKTep, HO B rrpeJ(eJiax TaKCOHOB pocT reHOMa MOlKeT 11 He rrpOl!BJ151TbCll 

(TaK, B 3BOJl!Ol.(1111 IIT11U 11 rrp0Kap110T rrpeo6naJ(aIOmeì1 TeHJ(eHI..(11eì1, rro

Bl1):(11MOMy, 6brno YMeHbrnett11e, a He ysen11qeH11e pa3Mepa reHoMa). MolKHO 

rronaraTb, qTo CJIOJKHbIM opraHmMaM rrp11cym 6oJiee BbICOK11ì1 rropor ycToì1q11-

BOCT11, IIOCKOJibKY 6oJiee 6oraTa 30Ha a,[(aIITl1BHbIX B03MOlKHOCTett. BMeCTe e 

TeM 11 BbIM11paH11e TaKHX BHJ(OB rrpo11CXOJ(HT KOOrrepaTl1BHO, IIOJ(06HO cpa30BO

MY rrepexo):(y, scJieJ(CTB11e pmpywe·H115! B rrepsym oqepe):(b 11HcpopMaunoHHbIX 

CBl!3eì1. A caMbie rrpoCTb1e opraHtt3MbI TaKJKe l!BJillIOTCll qpe3Bb1qaì1Ho ycTofi

q11BbIM11, HO YJKe rro J(pyrott np11q11He - 113-3a csoeì1 rrp11MttTl1BHOCT11. ITo 

3TOH rrp11q11He B CJiyqae rrp11pOJ(HbIX KaTacTpocp 6oJiee rrpocTbie opraHl13MbI 

CJIYJKaT rrpeJ(IIOCbIJIKOH HOBOro Bl1TKa 3BOJIIÒI..(1111. 0J(Hl1M 113 pe3yJibTaTOB 3BO

Jlt01(110HHOH J(11cpcpepettu11au1111 11 crrel.(11aJI113au1111 611occpepb1 6brno 6b1 rrepMa-
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HeHTHOe TIOBbJWeHHe ee ycTOH'-IHBOCTH 3a C'-leT pOCTa cneuttaJ1H3aUHH BH,llOB, 

ec1111 6b1 B JTOT npouecc He «BMewa11HCh» aHTponoreHHb1e npoueccb1, cKopo

CTH KOTOpblX 3Ha'-!HTeJlbHO npeBbllllaIOT CKOpOCTH ecTeCTBeHHblX J KOCHCTeM

Hb!X npoueccoB. 3THM 6brna cyruecrneHHO CKoppeKTttpoBaHa 6ttoccpepHa51 yc

TOH'-IHBOCTh Ha cTa,llHH aHTponoreHe3a. 

C11m1<HOCTh OT,lleJlbHhIX opraHH3MOB B03pacTaeT He cTOJlhKO Ha ypoBHe 

CTpyKTyp, CKOJlbKO Ha ypOBHe cpyHKUHOHaJlbHb!X CB513eH. TaKHe CB513H B OT

,lleJlhHOM opraHH3Me o6ecne'-!HBaIOT roMeOCTa3HC H OTHOCHTeJlbHO Y3KHH ,llHa

na30H a.uanTauttOHHhIX B03MO)f(HOcTeì1. C11o)f(HOCTh o6'he,llttHeHHhIX B 6ttoue

H03hI nonyJ151UHH o6ecne'-IHBaeT He TOJlbKO CTa6HJlbHOe HX cyruecTBOBaHHe, HO 

11 ycTOH'-IHBYIO HX KOJB01110u1110. B nepBOM CJ1yqae JTO - npe,nMeT 611ocptt3H

KH, BO BTOpOM - JBOJllOUHOHHOro yqemrn H 3KOJ10rHH. B 06011x CJJyqa51x 

e,llHHCTBO crpyKTypbl H cpyHKUHH JTHX 611011or114eCKHX CHCTeM Be,lleT K COBep

weHCTBOBaHHIO caMoperym1uHH qepe3 HHcpopMauHOHHb!e noTOKH. 

3eoJ110ifUR euòa «no npu311aKy» Hatt6011ee 3aMeTHa ,n1151 HCCJJe,lloBaTeJJ51 11 

noTOMY Hatt6011ee nOJlHO H3yqeHa. YcTOH'-IHBOCTb )f(e caMoro BH,lla B XO,lle np1106-

peTeHH5! HOBb!X npH3HaKOB B urnpOKOM noHHMaHHH 6ttOJJOrH'-!eCKOH ueJJecoo6-

pa3HOCTH o6perneTC51 HM no Mepe ycJIO)f(HeHH51 H o6orarueHH51 BttyTPHBH,llOBbIX H 

Me)f(BH,llOBhIX HH<ÌJopMau110HHhIX KOMMyflttKauttì1 . CttcTeMa 6tto11or1111ec1<ttx 

KOMMYHHKaUHH ycJJO)f(H51JlaCb OT MOJie1<y115!pHbIX HOCHTeJJeH HHcpopMauHH, 

,lleHCTBYIOIUHX Ha ypOBHe 6HOXHMH4eCKHX CHrHaJlOB H reHeTH4eCKHX .upeìi

cpoB, K «HeMaTepttaJlbHbIM» noBe,lleH'-!eCKHM ClffHaJiaM, cpopMHpOBaJIHCb H oc

BaHBaJJHCb npOCTpaHCTBa TaKCOHOB Bee 60JJbWeì1 pa3MepHOCTH, o6JJa,llaIOIUHX 

6oJlbllIHM 4HCJ10M CTeneHeH CB060)lbl B MeTa60J1H3Me H KOMMYHHKaUH51X. Dptt 

3TOM, KaK H BO Bcex ycTOH'-IHBO pa3BHBaIOIUHXC51 HepapXH'-!eCKH opraHH30BaH

Hb!X CHCTeMax, Bb!CWHH yposeHb He YHH'-ITO)f(aJl y,na'-!Hb!e HaXO,llKH HH3lllero, a 

TBOp'-!eCKH BKJlIOLJaJI HX B 06ruy10 CHCTeMy CB513ett. DoMHMO )HepreTHLJeCKHX, 

n11rueBb!X H XHMH4eCKH orrocpe,llOBaHHb!X CB513eì1, Bm1rneì1lllyIO pOJJb B 6tto

ccpepe 11rpaIOT HHcpOpMaUHOHHh!e CB513H. )!{HBb!e cyruecTBa 3eMJJH OCBOHJIH 

pa3Hhle cnoco6b! ceHcopHoro KaHaJ1H311pOBaHH51 HHcpOpMaUHH - 3pHTeJlbHbie, 

3BYKOBbie, XHMH'-!eCKHe, )JleKTpOMarHHTHbie KaHaJlbl. 11HcpOpMauHOHHble CHr

HaJibl BbinOJ1H51IOT Ba)f(Hb!e pery115ITOpHbie cpyHKUHH, conep)f(aT onpene11eHHbJe 

CBe,lleHH51, HO TOJlbKO np11 HaJlH'-IHH KO,llHpYJOruero ycTpOHCTBa 11 ,lleKO,llepa )TH 

CHrHaJlbl CTaHOB51TC51 HHcpOpMau11eì1 H yqHTbIBaIOTC51 opraHH3MaMH. B ttepap

XHH 611oueH030B BeruecTBeHH0-3HepreTH'-!eCKHe B3aHMO,lleHCTBl151 CHCTeMHO 

nO,ll'-II1HeHbl B3aHMO,lleHCTBH51.M HHcpOpMauHOHHb!M. 

Cnoco6b1 rop1130HTaJlhHOH nepe,na'-!H HHcpopMau1111 e noMOIUhIO «MaTep11-

a11bHhIX» MOJleKy115IpHbIX, MaKpOMOJieKyJI51pHbIX, JJleKTpOXHMH'-!eCKHX HOCHTe

JleH Ha KJieTO'-IHOM ypOBHe nonOJIH51.JlHCb B XO,lle JBOJIIOUHH B03HHKHOBeHHeM 

HOBbIX ClffHaJlbHb!X CHCTeM . 0THOCHTeJlbHO «npOCTbie» HHcpOpMaUHOHHb!e 

CB513H He HC'-le3aJIH no Mepe BOCX0)f(,lleHH51 611occpepbl no 11epapXH'-!eCKHM CTy

neH51.M 611011or11LJeCKOH 3BOJIIOUHH, HO ecTecrneHHb!M o6pa30M BcrpaHBaJIHCb B 

HOBbie KaHaJJbl BHyTpHBH,llOBb!X H Me)f(BH,llOBb!X KOMMYHHKaUHH. 



526 rnasa 5. 3sorno1.11-1H reo61-1occtJepb1 3eMnH 

JhseCTHblM npHMepoM HHcpopMaUHOHHbIX CB~l3eH B 6Hoccpepe Moryr 

CJJ)f)KHTb .llBJJeHH.11 CHH)!(emrn HHTeHCHBHOCTH pa3MHO)!(eHH.ll opraHl13MOB np11 

nocT11)!(eH11H nonyJJ.11u11.11M11 qpe3MepHoì1 rIJJOTHOCTl1. CosceM He 06.111aTeJJhHO 

3TO .llBJJeH11e o6ycJJOBJJeHo HenocTaTKOM ril1lll11 11JJl1 nponyKTHblM HHr11611posa

Hl1eM OTxonaMH )!(H3Hene.11TeJJbHOCTl1. Pe3yJJbTaTbl 11CCJJenosaHl1H cs11neTeJJh

CTBYIOT, qTQ CHl1)!(eH11e penponyKTl1BHOH aKTl1BHOCTl1 y MJJeKOril1TaIOutl1X 11JJl1 

CHl1)!(eH11e .11ì1ueHOCKOCTl1 y IlT11U npo11cxon11T Ha ypOBHe ceHCOpHOH peryJJ.11-

u1111 BCJJencTBl1e <<nepeHaceJJeHl1.11» Tepp11T0p11H. 

qeJJoseqecTBO TOJJbKO ceìiqac Ha cospeMeHHOM 3Tane csoero pa1s11T11.11 

OC03HaeT CBOH nepexon OT MaTep11aJJbHO-BemecTBeHHOro 3Talla csoero pa3Bl1Tl1.ll 

K 11HcpopMau110HHOMY. Ho 3TO scero-Hascero l1H)!(eHepHo-TeXHOJJor11qecKoe 

sonJJomeH11e nasHero nepexona. KaK 6110JJon1qecK11ì1 s11n Homo CTaJI Sapienc 
e Toro MOMeHTa, Korna Hayq11JJc.11 JJyq111e npyr11x socnp11H11MaTh, npeo6pa10-

BhIBaTh 11 nepenasaTh ceHcopHyIO HHcpopMaU11IO. CaMa )!(e 611occpepa so111JJa B 

HHcpOpMaU110HHhlH M11p )0Ke Ha ypOBHe OAHOKJleTQqHbIX opraHl13MOB. 

lbseCTHa K02HUmU6Ha5/. cucme.Ma qeJJOBeKa, npO.llBHBllla.llC.11 B ero C03HaHl111 

KaK pe3yJJhTaT reHeTl14eCKl1X oco6eHHOCTeì1, oco6eHHOCTeì1 ropMOHaJJbHOH pe

ryJl.llU1111, rICl1XOJJOrl14eCKl1X cpaKTopoB, CB.113aHHhlX e BOCril1TaHl1eM, 06yqeH11eM 

11 ananTau11eì1. ropa1no MeHhllle 113BeCTHO 06 oco6eHHOCT.llX 3TOH Cl1CTeMhl y 

npyrnx opraHl13MOB, Hanp11Mep, «KOJJJJeKTl1BHOro pa3yMa» Mypaseì1H11Ka [ 148] : 

• Pa1seneH11e MypaBh.llMl1 TJJeìi BKJJI04aeT TaK)!(e 1am11Ty HX OT napa311TOB, 

Xl1UlHl1KOB 11 KOHKypeHTOB, ocsoemfe HOBhIX yqaCTKOB pacTeHHH - KOp

MOBOH 6a3hl rneìi, CTpOHTeJJhCTBO Hasecos AJJ.11 3aIU11Tbl OT COJJHUa B JJeT

Hl1H nep11on 11 1am11Ty OT XOJJona B 311MHl1H (Ha 311MY YHOC.llT TJJeìi-caMOK 

B Mypaseì1H11K). flo"3TOMY B oneKaeMblX KOJIOH11.llX CKOpOCTh pa3Bl1Tl1.ll 11 

pa3MHO)!(eHl1.ll TJJeH 3Haq11TeJJbHO Bhl llle, qeM B «CB060AHhJX)) KOJJOHl1.llX 

TJJeìi Toro )!(e s11na . 

• 06ycTpOHCTBO rp116Hh!X IlJJaHTaU11H conpOBO)!(naeTC.11 noi:mep)!(aH11eM He-

06xon11Moro [JJJOAOpon11.11 Il04Bbl (MypaBbl1 IlOCTO.llHHO o6HOBJl.lllOT rpyHT B 

rp116H11ue) 11 6opb60H e rp116KaM11-napa111TaM11 (MypaBbl1 11CilOJJb3YlOT 

MOIUHbJe y1Kocneu11aJJ11111posaHHh1e aHT116110T11K11, npHqeM Ka)!(na.11 ceMb.11 

MypasbeB KYIIhTHB11pyeT cpa1y HeCKOJJhKO lllTaMMOB noJJe3HhJX 6aKTep11ì1). 

• Co611paTeJJhCTBO ceM.11H pa3JJl14HhJX Tpas (KopMa) 11 xpaHeH11e s cneu11-

aJJhHh1x cyx11x xpaH11JJ11max cso11x rHe1n (Hanp11Mep, nocne no)!(n.11 ceMe

Ha BblHOC.llT Ha nosepxHOCTh 11 cy111aT). 

• CTpo11TeJJbCTBO JJosy111eK nJJ.11 HaceKOMhJX, pa1Meph1 KOTOpblX qacTo MHo

roKpaTHO npeBOCXOA.llT pa3Mepbl «OXOTHl1KOB» (113 TOHKl1X BOJJOKOH Tpa

B.llHHCTOro pacTeHH.11 11 «KJJe.11>> - rIJJeCHesoro rp116Ka - MypaBhl1 IlJJeTyT 

KOKOH, B KOTOpOM COTHH pa6oq11x MypasbeB )!(AYT Il0.llBJJeHl1.ll )!(epTBhl, a 

1aTeM npyr11e yqacTH11K11 coo6mecrna napaJJ111y10T ee. 

• Bhlpam11saH11e MOHOKYJJhTYP s aMa30HcK11x n)!(yHrn.11x (Mypasb11 onpene

JJeHHOro s11na, )!(11BYllll1e B CTBOJJax nepeBheB, y611saIOT pOCTKl1 pacTeHl1H-



5.3. 3BOnl0[.11<1fl 6111occt>epbl. 3aKOHOMepHOCTI1 lii MeXaHll13Mbl 527 

KOHKypeHTOB, BOpb!CK11BaJl B 11X nl1CTbJl MypaBbl1HYIO K11CnoTy), 'ITO cno

co6cTByeT pacw11peH1110 MypaBhl1Horo apeana . 

• 06ecrre'leH11e CTa6ttnhHOro snmKHOCTHOI'O ( e)!(enHeBHO pa60411e MypaBhl1 

nepeHOCJlT csepxy B rny6h MypaBeHHJ1Ka 11 Hao6opOT no 4-6 MnH XBOl1-

HOK 11 seTO'leK) 11 TeMrrepaTypHoro pe)!(ttMa B rne3ne (TennonposonHOCTh 

CTeHOK Mypaseì1Hl1Ka OlJeHb Mana, 1103TOMY BeCHoì1 nnJl yc1<opeHl1Jl 3TOI'O 

npouecca Mypasbtt nporpeBalOTCJl Ha conm1e, s pe3ynhTaTe LJero TeMne

paYypa 11x Tena nosb1waeTCJl Ha I 0- 15 rpanycos, 11 3aTeM corpesa10T My

paBeì1HttK CBOl1M TennoM) . 

.UnJI ocymecTsneH11Jl Bh1wenepe411cneHHoro Mypasb11H0My coo6iuecTsy 

Heo6xon11MO He TOnhKO aneKBaTHO oueH11BaTh B Ka)!(nhIH MOMeHT speMeHJ1 

co6CTBeHHbie OOYpe6HOCTl1 11 COCT05!Hl1e cpenbI 0611TaH11Jl, HO 11 B COOTBeTCT

Bl1e e rronyqeHHhIMl1 3HaHm1M11 cTaBl1Th onpeneneHHbJe 3ana'l11 nnJl rroMep)!(a

HttJl roMeOCTa3a 11 KOHTpon11posaTb MX BbIOOnHeHtte. B nocTaTO'IHO rrpocTOH 

cxeMe 11HcpOpMaUl1Jl, rrocryrra!Oll(aJl OT opraHOB '!YBCTB, o6pa6aTbJBaeTCJl HepB

HOH c11cTeMoì1 11 cpasH11saeTCH e anrop11TMOM «C11Tyau11Jl - 11HCTl1HKTl1BHbIÌ1 

OTBeT Ha c11Tyaumo». Ha HOBblH yposeHb o6pa60TKl1 l1HCpopMau1111 opraHJ13-

MaM JJ03BOJIJieT rrepeì1Tl1 Han11411e <OneMeHTapHoro 11HTenneKTa», '!TO JJ03BO

nJleT 6e3 Hapaiu11saHl1Jl «06beMOB» HepBHOH Cl1CTeMbl npaKT11YeCKl1 Heorpa

Hl1'!eHHO pa3Hoo6pa3ttTh noBeneH11e oco611 11 coo6wecTsa. YYttTbJBaJl MHoro

LJttcneHHOCTh LJneHOB Mypaseì1H11Ka (no necJlTKOB 11 COTeH TblCJl'l), a TaK)!(e 

MHOroo6pa311e 11X ne5!TenhHOCTl1 11 cpaKTOpOB cpenhJ, ycnO)!(HeHtte 11HCTl1HK

Tl1BHOro llOBeneHl1Jl (s 3TOM cny'lae 110Tpe6osancJI 6bi HepeaJibHO 6onbWOH 

o6beM HepBHoì1 c11cTeMbI) He cnoco6Ho pew11Th sce 3anaLJ11, oco6eHHO s cny

'lae KonneKTttBHoro nosenett11Jl. )J,rrJI Koopn11Hau1111 KonneKTl1BHOì1 Tpynosoì1 

ne5!TenbHOCTl1 Heo6xon11M yposeHb yrrpasneHHJI Ha nop5!J.lKl1 BbJWe Toro, KOTO

pbrì1 noCTaTOYeH np11 6onee npocTOM 11HCTHHKTl1BHOM rroseneHHl1. 

HepBHaJl CHCTeMa MypaBbJI conep)!(HT BCero OKOno 500 Tb!C. HettpOHOB (B 

M03re LJenoseKa OKOno I 00 Mnpn HettpOHOB ), onHaKO neJlTenbHOCTb coo6wecT

sa MHororrnaHosa 11 sap11a6enhHa. CymecTsyeT r11rr0Te3a, cornacHo KOTopoì1 

coo6iuecTBO KonneKTl1BHb!X HaceKOMbIX ynpasnJieTCJI «pacnpene11eHHbIM M03-

roM», rne Ka)!(J.lbltt trneH coo6iuecTBa JlBnJleTCH HOCHTeneM cnel(11an11311posaH

HOro «CerMeHTa» 3TOro M03ra 11 nporpaMMbl aBTOHOMHOro noseneHl1Jl B COOT

BeTCTBl1e e ponb!O s coo6wecTBe. Ho rroKa HeJlcHa np11pona c11cTeM br yrrpas

neH11JI «pacrrpeneneHHbIM M03roM». 

)J,JIJI n106oì1 pacnpeneneHHOH c11cTeMhI ( cornaCHo paccMaTp11saeMoì1 rn

rroTe3e cyrrepM03r JIBnJieTCJl pa3HOBHJ.lHOCTblO TaKOH CHCTeMbl) onHa 113 OCHOB

HbIX rrpo6neM - 06ecneYeH11e Hane)!(HOCTl1 Cl1CTeMbl o6pa60TK11 11HcpOpMa

UHH. IIporpaMMbl 11 naHHhle, KOTOpbie 11Ml1 o6pa6aTblB3IOTCJl, pa3611Tbl Ha 

MHO)!(eCTBO cerMeHTOB, npettanne)!(am11x pa3HbIM oco65!M. Y411ThIBaJI MHoro

LJHcneHHOCTh ceMbH, MaJibIH cpoK )!(113HH 11 6onbWYIO sepOJITHOCTb r116en11 OT

nenbHbIX oco6eì1, na)!(e np11 O'leHb 6onbWOH Hane)!(HOCTH pa60Tbl Ka)!(noro 

::ineMeHTa, pe3ynbTHpy10iuaJl Hane)!(HOCTb sceì1 Cl1CTeMbl HeBb!COKa. 
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JlI06onhITHa e TOqK11 3pett11ll r11noTe3hI cynepM03ra uenecoo6pa3HOCTh 

cymecTBOBaHl1ll <<JieHl1BhIX» MypaBbeB (np11MepHO 20 % MypaBhl1HOH ceMhl1 

npaKT11qecK11 He np11H11MaeT yqacT11ll B Tpy.uosoì1 .uellTeJihHOCT11). Ott11 He oT

HOCllTCll K pe3epsy «pa60THl1KOB», DOCKOJihKY np11 y.uaneHl111 qaCTl1 pa6oq11x 

MypaBheB DOBhIWaeTCll np0113BO)ll1TeJihHOCTh Tpy.ua OCTaBWl1XCll «pa60THl1-

KOB». ABTOpbl 11CCJie)lOBaHl1ll npe.unOJI0)!(11Jil1, qTo 11MeHHO «JieHl1BbJe» Mypa

Bhl1 llBJUl!OTCll HOCl1Tem!Ml1 cneU11aJil1311pOBaHHhIX, oco6o Ba)!(Hh!X cerMeHTOB 

pacnpe.ueneHHOro M03ra: BhinOJIHll!OT <l>YHKU1111 DO)l)lep)!(aH11ll ueJIOCTHOCTl1 

c11cTeMh1 np11 rn6en11 OT.UeJihHhIX oco6eì1, co611pa10T 11 o6pa6aThIBa!OT 11tt<Pop

Mau1110 e cerMeHTOB Hl1)!(Hero ypoBHll, 06ecneq110a10T npa011JihHY10 nocne.uo

BaTeJihHOCTh BhinOJIHeHl1ll 3a.uaq cynepM03ra 11 T . .u. TaK11M o6pa30M, oc0060)!(

.ueH11e OT Tpy.uosoì1 .uellTeJihHOCTl1 06ecneq110aeT «JieHl1BhIM» MypaBbllM no

BhmieHHYIO 6e3onacHOCTb 11 Ha)le)!(HOCTh cyIIJeCTBOBaH11l1 «cynepM03ra». 

3BOfllOL\110HHOe Hacnar.10aH11e HOBblX 6011ee BblCOK"1X 61-tocc)>epHblX s:ipycos 4epe3 

61-1c)>ypKaL11-ti-t, no cyrn HBJ15l10W,11ern pe001110L11-tOHHblM1-t npeo6pa3oBaHi-t51Ml1, 06s:i3a

TenbHblM o6pa30M BKJll04aeT B ce651 He CTOJlbKO KOJ1"14eCTBeHHOe yseni-t4eHi-te no

TOKOB i-tHc)>OpMal\11"1, l\"1pKy1111py10W,"1X Ha )laHHOM ypOBHe, CKOJlbKO "13MeHeH11e ee 

Ka4eCTBeHHOfO co.uep>KaHl-151. HOBblH yposeHb nOTOMY "1 HOBblH, 4TO npi-to6peraeT 

«"1HTeJ1JleKTyaJlbHble ycrpOHCTBa», cnoco6Hble He TOJlbKO socnpi-tH"1MaTb, C03)laBaTb, 

KOAl-IPOBaTb "1 AeKO)li-tposaTb, nepe)laBaTb 11Hc)>OpMal\"1IO, HO, maBHOe, nepepa6aTbl

BaTb, nepeKOMnaHOBblBaTb, npeo6pa30BblBaTb 11Hc)>OpMal\"1IO, C03AaBa51 HOBOe ee 

KaYecrso. 1-1 3)lecb pa6oraer Ai-ta11eKT1-tYecK11ì1 npi-tHL111n nepexoAa KOJli-tYecrsa s Ka

Yecrso. Hosoe KaYecrso i-tHc)>opMal\"1"1 Aenaer ee s 3Ha4i-tTenbHOH creneH11 HeAOC

rynHoì1 A/151 oco6eì1 Hi-t>Kene>KaW,i-tX YPOBHeH. 6011ee TOfO, HOBOe Ka4eCTBO 06pa

w,a10w,eì1rn i-tHc)>OpMal\"1"1 )laeT B03MO>KHOCTb OC0651M "1 nonyf15ll\"151M 6011ee "130-

w,peHHO yYaCTBOBaTb B KOHKypeHTHOH 6opb6e 11, 4TO ew,e sa>KHee, B03MO>KHOCTb 

CTp011Tb HOBble KOMn03"1l\1111 aJlbTpyi-tCTH4eCK"1X, Cl1M6HOTH4eCK"1X OTHOWeHl1H 

BHyrp11 11 Me>KAy nonyfll'll\Hl'lMi-t s 6i-tOL\eHo3ax. Ha caMOM BblCOKOM yposHe K01111eK

rn0Has:i cnoco6HOCTb YenoseKa C03AaBaTb a6crpaKTHble MOAenH 0Kpy>Ka10w,ero M11-

pa "1 aHaf1"1311pOBaTb I-IX n03BOJ1"1Jla C03)laBaTb HOBOe 3HaHl1e O np11po)le. 

II. l.(UK!lu 1mocmb nocmenemwzo u cKa'lKOo6pa3H020 pa3eumuR. 
A. JI. q11)!(eBcK11ì1 n11can: « ... npaB11JihHal! nep110.u11qHOCTh 11n11 noBTOpl!e

MOCTh llBJieHl1H B npocTpaHCTBe 11Jil1 BO BpeMeHl1 eCTb OCHOBHOe CBOHCTBO Ml1-

pa, KOTOphlM BJia)le!OT O)lHl1 11 Te )!(e 3aKOHbl, pacnpocTpaHll!OIIJl1eCll paBHO Ha 

sce qacrn np11po.uh1. . . » [149) . 
3a speMl! 611onorw-iecKoì1 3BOJI!OU1111 611oc<Pepa npeTepnena pll.U npeo6pa-

3osaH11ì1, KOTOphie MO)!(HO cq11TaTb rpatt11uaM11 OT)leJibHblX 3TanoB )!(113Hl1, cue

nJieHHbIX e np11pO.UHhIMl1 KaTaCTPO<l>aM11 11 KJil1MaT11qeCKl1Ml1 113MeHeHl1llMl1. 

3BOJIIOU110HHblH OT6op 3Haq11TeJihHO 6onee 3<P<PeKT11BeH np11 611<l>ypKau110HHhIX 

( CKa'fK006pa3HhIX) <PeHOT11n11qecKl1X 113MeHeHl1l!X B 3BOJIIOU110Hl1PYIOIIJl1X Cl1C

TeMax. B 3BOJI!OU1111 611oc<t>epbl Ha .uaHHhlH MOMeHT Bhll!BJieHhl .usa np11HU11Dl1-

aJihHhIX nepexo.ua B CTPYKTYPHO-<l>YHKU110HaJibHOM pa3011rn11 opraHl13MOB: OT 
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rrpoKapHOTOB K 3yKapHOTaM 11 OT O)J,HOKJJeTO'l H blX o praHl13MOB K MHOfOKJJeTO'l 

HblM. PerymnopHbie JKe CHCTeMbl rrpoKapHOT 113- Ja o c o 6eHHOCTe ì1 HX CTpoe HHll 

He Morm1 pa3BHTbCll )J,aJlhWe rrpHMHTHBHOro HalJaJJ bHOro ypOBHll . <l>a KTH'l e CKH 

OITllTb pe'lb H)J,eT o TOM, lJTO B rrepBOM CJJyqae OTKpb!Tall CHCTeMa C)leJJaJJa qmyK

ryau1111 n1raHTCTKHMH CTpyKYypttposaHHhIMH, a so BTop o M - qm yKTau11 11 (My

TaUHOHHb1e) crroco6cTBOBaJJH HCKJl!OlJHTeJibHO cosepwe HCTBOBa 1rn10 BH)J,OB Ha 

aJJ,arrTauTaUHOHHOM yposHe. PaJ)'MeeTCll, cpopMHposaHHe 11epap x 114ecKoì1 

CYpyKTypbl TaKJKe ITO)lpa3)'MeBaeT ITOllBJleHHe H 3aKperrneH11e CTafo!Jl b H bl X He

pepXH'leCKHX ypOBHeH 11 HeCTa611JlbHblX rrpoMe)f(yYKOB Me)!(Lly HHM H . 

Co cKa'lKOo6pa3HhIM pa3BHT HeM CBll3aHhI TaK)f(e p a ccMoTp eHH ble HaM 11 

paHee pocT 611opa3Hoo6pa311H, yse1111'!eH11e pa3Mepos opraHl13M OB, o n 1o w e H11e 

'lHCJla po)J,OB ITO)J,Bl1lKHbIX opraHH3MOB K HeITO)J,811)f(HbIM (rrp11Kperr11eHHblM) 11 

XHIUH11KOB K )f(epTBaM. TaK, po)J,OBOe pa3H006pa3He MOpCKHX )f(l1BOTHb l X B ue

JJOM pocno, rrpepbIBallCb rrep110JJ,aMH CTa311ca : Hl13KHH ypoBeHh B Ke M6p1111, 

pe3Kl1H ITO)J,'beM B op)J,OBl1Ke, BeJ111KOe BbIMl1pa H11e Ha py6e)f(e rrepM11 11 Ypl1a c a, 

pocT B Me3o3oe (TP11ac - Men), se1111Koe BbIM11paHHe Ha py6eJKe M en - n aneo

reH 11 6bICYpbIH pocT B KaHH030e. Tioc11e)J,Hl1H ITl1K OTJJH'laeTCll c y m ecTsy10-

JUl1Ml1 11 ITOHbIHe poJJ,aM11, 11, HeCMOTpH Ha TO 'ITO 11X 'll1CJleHHOCTb ( 4000) co 

CTaBJlHeT 1/9 OT o6mero 411CJ1a 113BeCTHbIX, HMeHHO OHl1 orrpeJJ,eJll!J111 6 bICTp b l H 

pOCT pa3H006pa311H B Me3030e 11 KaHH030e [142]. 
CKOpOCTb BbIM11paHl1H po)J,OB, KaK 11 CKOpOCTb 11X ITOHBJJeHl1ll, KOJ1e6anacb 

OKOJJO xapaKTepHoro BpeMeHl1 cpeJJ,HeH rrpO)J,0Jl)f(l1TeJlbHOCTl1 cymecTBOBaHl1ll p o 

)J,OB, OYpa)f(aJOmero 11x ycTOH'll1BOCTh. H 'leM MOJJO)f(e rpyrrrrhT OJJ,HOBpeMe HHO 

ITOllBl1BWl1XCH TaKCOHOB, TeM Bb!We B Hl1X CMepTHOCTb, ITOCKOJlbKY OHl1 p a311114Hb l 

no CTeneHH YCTOH'll1BOCTl1. no Mepe )f(e CTapeHl1H 3Tl1X rpyrrrr )J,Ollll ycTOH411BblX 

pO)J,OB pacTeT. B OTJ111411e OT CITOKOHHbIX rrep110)J,OB, KOr)J,a orpaHl1'll1TeJJeM poc Ta 

611opa3H006pa311H BbICTyrraeT ycTOH'll1BaH CYpyKYypa coo6mecTB, B Kp11311CHbie 

rrep110)J,bl pOCT 611opa3H006pa311ll ycKOpHeTCH, IT03TOMY )ll1HaM11Ka 3TOH y c TOH411-

BOCTl1 B xo.ne 3BOJ1!0U1111 611occpepbl HOCl1JJa CTyrreH'laThIH xapaKTep [142]. 
B 3somou1111 )f(HBOTHhTX KaK 11epapx11'!ecKoro ypOBIDI 611occpepb1 MOJKHO BhI

JJ,e1111Th HeCKOJlbKO OCHOBHbIX HarrpaBJJeHl1H pa3Bl1T11ll 06m11x aJJ,aITTaUHH [1 47]: 

• B03Hl1KHOBeHHe MHOroKJ1eTO'lHOCTl1 11 , KaK CJ1e)J,CTBl1e, y cKope H11e JJ,11cpcpe

peHu11poBaHl1ll 11 cneu11aJJ11J au1111 c11cTeM oprattos (ys en 11 4 11saeTc ll n one 

B03MO)l(HbJX TpaeKTOpHH pa3Bl1T11ll); 

• B03Hl1KHOBeH11e rnepJJ,oro CKeJleTa (HapYJKHOrO - y lJJleHHCTOHOrHX 11 

BHyYpeHHero - y IT03BOHO'lHbIX); 

• pa3BHTHe uettTpaJJbHOH HepBHOH Cl1CTeMbl rro )J,BYM 3BOJJ IOU110HHbIM rry

THM : y IT03BOH04HblX - pa3BHTl1e rOJlOBHOro M03ra , OCHOBaHHOro Ha 

o6yqeHl111 11 ycnOBHbIX pecpneKcax; y HaceKOMblX - pa3B11Tl1e HepBHOH 

Cl1CTeMbl, CBH3aHHOe e HaCJle)J,CTBeHHbIM JaKperr11eH11eM OITTl1MaJlbHOf0 

Ha6opa peaKU11H, COCTaBJlll!OIU11X 11HCTl1HKThI; 

• pa3Bl1T11e cou11aJJbHbIX cpopM rrose,neHl1ll, BKJl!O'lall KOfHl1Tl1BHbie Cl1CTeMbl 

o6paTHhIX CBH3ei1 s coo6mecrnax. 
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l.JeM c11m1rnee cuCTeMa, TeM 6oJibllle y Hee cTeneHeH cso60.ub1 ll TeM 6oJib

rne y opraHll3MOB B03MO)f(HOCTeH K a.uanTauu11 ll 3BOJJJOUI111 B ueJJOM . TionoMy 

CKOpOCTb a.uaIJTllBHbIX 113MeHeHllH opraHll3MOB B xo.ue 3BOJIJOU110HHOro OT6opa 

cmnaHa He TOJJbKO c napaMerpaM11 cpe.!lbI, HO ll c xapaKTepucTHKaMll caMllX 

TaKCOHOB. (3. Maìiep yrsep)f(,!laJJ, 'ITO «CllCTeMa Koppem1u11ii u o6paTHbIX CBJI-

1eii» s11.ua/nonyJIJIUl1ll «'lacTo CTOJih xoporno HHTerp11posaHa, 'ITO c nopa111-

TeJ1bHbIM ynopcTBOM npoTl1BOCTOllT H3MeHeHHJIM» [26].) TaK, 6oJiee BbICOKOH 

CKOpOCTblO OTJlll'laeTCll 3 BOJIJOUllJI TaKCOHOB, ,!lJIJI KOTOpblX xapaKTepHbl 6bJCT

pall CMeHa TIOKOJieHllH, BbICOKllH yposeHb p33MHO)f(eHl1ll 11 3Ha'lllTeJJbHaJI 411C

JieHHOCTb. B TO )!(e BpeMll naJieOHTOJIOfll'!eCKlle ,!laHHbJe CB11,!leTeJibCTBYJOT o 

TOM, 'ITO 6blCTpee 3BOJllOUllOHI1pyioT MJJeKOTillTaJOmue, a Me,!lJieHHee O,!lHOKJie

TO'IHble (B HaCT0511Uee BpeMll 113BeCTHO 6oJJee 1,5 TblC . Bll,!lOB HaceKOMbIX 11 

KJiemeii , MOpcpOJJOfll'leCKll HeOTJill'lllMblX OT cospeMeHHbIX, Torna KaK TaKCOHbl 

MJieKOI111TalOIUl1X He OTJill'laJOTCll no.uo6HbIM ,!lOJifO)f(llTeJibCTBOM) [150). 
Co speMeHll nOJIBJieHHJI )f(ll3Hll Ha 3eMJie MaKCllMaJibHbIH pa1Mep )f(llBbIX 

opraHll3MOB yseJJ114llJICJI Ha 16 nopJI,!lKOB. 3Tll nepeXO,!lbl OTHOCJITCJI, B OCHOB

HOM, K .!lBYM OTHOCllTeJJbHO KOpOTKllM nepllO,!laM: OKOJIO 1,9 MJJP.!l JJeT Ha3a,!l 

(BCKOpe IJOCJie IJOJIBJJeHllJI 3yKapllOTOB) H 0,6- 0,45 MJJP.!l JJeT Ha3a,!l (BCKOpe 

nocJJe IJOJIBJieHllJI MHoroKJJeTO'IHbIX opraHll3MOB ) . CYMMapHall npo.uom1rn

TeJibHOCTb 3TllX nep110.uos He npeBbilllaeT 20 % OT o6mero speMem1 cymecT

BOBaHHJI )f(ll3Hll Ha 3eMJJe . 06a nepuo.ua npuMepHO COBna.uaJOT IJO BpeMeHll CO 

CKa'IKaMll poCTa KOHUeHTpau11u B aTMOCcpepe KllCJiopo.ua. 

ll,11KJlll'IHOCTb npouecca 6llOJlOfll4eCKOH 3BOJIIOUI111 npoCJJe)f(llBaeTCll B xo

.ue OT6opa TaK)f(e nocpe,!lCTBOM qepe,!lbl .!ll1BepreHUllH 11 KOHBepreHU11H np1106pe

TaeMbIX np111HaKoB. IIo sceii sepollTHOCTll, 111MeHeHllll Ha yposHe .UHK, npouc

XO.!lJIIl\lle B Te'leHlle Me,!lJJeHHbIX nep110,!lOB, MeHee CBJI3aHbl CO 3Ha'IllTeJlbHbIMll 

MOpcpOJIOfll4eCKl1Ml1 ll3MeHeHllJIMll, no cpaBHeHlllO c 6h1CrpbIMl1 ll3MeHeHllJIMll 

reHOMa B nepllO,!lbl Bll,!l006p330BaHllJI. l1Hb!Mll CJIOBaMl1, MO)f(HO npe.unoJJO)!(llTb, 

'ITO Ha MOpcpOJJOfll'leCKOM ypoBHe 6oJJee 3Ha'lllMa npepbIBllCTall COCTaBJIJIJOIUaJI 

6llOJIOfll4eCKOH 3B0Jll0Ulll1, a Ha MOJleKyJIJipHOM - rpa.uyaJillCTll'leCKall . I1 3Ta 3a

KO.HOMepHOCTb no.urnep)f(,!laeTCll ,!laHHbIMl1 naJieOHTOJlOfH'leCKOH JleTOfll1C11 [ 151]. 
Tio-Bll.!lllMOMy, MbI MO)f(eM rosopHTb o caMoHacrpausaiomeMCJI orrT11MaJibHOM 

pacrrpe.ueJJeHl1ll TeMITOB 6110JJOfl1'1eCKOH 3BOJIIOUllll. 

B CKa'IK006pa1HoH u11KJJM'IHOCT11 3 BOJJJOUllll 6uoccpepb1 npollBJIJieTcJI ee 

crroco6HOCTb K caMoopraHll3aUllll, T. e . K o6pa30BaHl1JO rrpocTpaHCTBeHHO

BpeMeHHblX CTpyKTyp B HepaBHOBeCHblX ycJIOBllJIX. 3Tl1 CllCTeMbl, rrpOXO,!lJI 4e

pe3 T04Kl1 6ucpypKau1111, He,!leTepMllHllpOBaHHbIM o6pa30M «BhI611pa10T» TOT 

MJill MHOH nyTh 3BOJIJOUMll (pa1MepoB, 'lllCJJeHHOCTM, su.uoo6pa1osaHHJI u .up.). 

B 3TllX CKa'IKax 11 crynem1x JIPKO rrpoJIBl1JlllCb MHOfO'IHCJleHHbJe BHelIJHHe reo

ccpepHbie 11 BHyTpeHH11e 6uoccpepHb1e orpaHH'leHHJI, c.uep)f(HBaBlIJ11e 3BOJJJO

UHJO . .[{JIJI TOro 4T06b1 rrpopBaTbCll qepe3 04epe,!lHYJO 3BOJIIOUHOHHYJO rrperpa

.uy, 6uoccpepe rropOH rpe6oBaJlllCb COTHH MllJIJlHOHOB JieT. 3aTeM HaCTyrraJJ HO

BbIH rrep110.u crpeMllTeJlbHOro pa3BllTl1JI . 
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lii. flapa!lfleJIU3Mbl 6 360Jl/OifUU. 

K sa:arneìhIIHM HCTO'lHHKaM H COCTaBHblM 'laCTHM napamieJIH3MOB B forn

JlOfH'leCKOH 3BOJIIOUHH CJle.D,yeT OTHeCTH: 

• npHHUHDHaJlbHOe CXO)lCTBO B CTpoeHHH OCHOBHbIX THDOB 6ttoueH030B 11 

tta6opoB 3KOJlOrH'leCKHX HHIII B pa3Hb!X coo6mecTBax; 

• CXO.D,HaH H3MeH'lHBOCTb npe.D,onpe.D,eJIHeT CXO)lCTBO 3BOJllOUHOHHbIX 113Me

HeHl1H y pa3Hb!X rpynn, a orpaHH'leHHOe 'lHCJlO B03MO)l(Hb!X TpaeKTOpHì1 

orpaH11'lHBaeT H 'l11CJlO B03M0)1(Hb!X nyTeì1 3BOJllOU110HHOro pa3BHT11H; 

• CTPOettHe oprattH3Ma KaK cttcTeMbI, 0611aL{aIOl.1leì1 CJIO)l(HOì1 CTPYKTYPOì1, so 

MHOroM npe.D,onpeL{eJ1$1eT DYTH ero B03MO)l(HhIX 3BOJIIOU110HHhIX H3Mettettttì1; 

• 3aKOHOMepHOCT11 BaBHJlOBCKHX PHLlOB - CHCTeMa, COCTOHlllaH H3 B3aHMO

CB~l3aHHbIX 3JleMeHTOB, MO)l(eT cymecTBOBaTh B pa3JIH'lHbIX ycTOH'lHBbIX 

COCT05IH11HX, nepeXO)lH H3 OL{HOfO B Apyroe, HO 'IHCJIO 3Tl1X COCT05IH11H or

paHH'leHO, a 11X xapaKTep onpe.D,em1eTCH CBOHCTBaMH 3JieMeHTOB 11 CTpyK

Typoì1 11X B3aHMOL{eÌ1CTBHH. 

Bo MHornx cny'laHx nepexoL{ Ha 6oJree BblCOKHì1 CTPYKTYPHo-cpyHKUH

OHaJihHhIH yposeHb npoHCXOL{HT B HeCKOJibKHX 3 BOJIIOUHOHHblX JIHHHHX, pa3-

BHBaIOl.1l11XCH napaJTJieJibHO. ITptt 3TOM nporpecCHBHbie nptt31-13KH, J.13 KOTOpbIX 

CKJiaL{bIBaeTCH «apoMopcpo3», 'lame scero DOHBJTHIOTCH B 3THX JIHHHHX napan

JieJihHO, a 11HOfL{a, nocTeneHHO HaKanJTHBaHCb, npOHBJTHIOTCH B OL{HOH HJlH He

CKOJibK11X Jll1HHHX. bOJibIIIYIO pOJTb B KpynHbIX 3BOJTIOUHOHHbIX nepecTpoì1Kax 

MOrYT 11rpaTb MYTaLIHH perym1TopHb1x reHoB, s 'laCTHOCTH roMeo3HCHbie My

Tau1111, B pe3yJibTaTe KOTOpblX CBOHCTBa OL{HHX cerMeHTOB npOHBJIHIOTCH y LlPY

rHX. Bo3MO)l(HO, He o6oIIIJTOCb 3L{ecb H 6e3 ropH30HTaJTbHOro Me)l(B11.D.OBoro 

o6MeHa reHaMH (rnKOH nepeHOC Ha 60JibIIIHX speMeHHblX HHTepsanax MOrJIH 

ocymecTBJI51Th s11pycb1). 

0T6op MO)l(eT peaJIH30BaTb JIHIIIb O'leHb tte60JTbllIYIO 'laCTb H3 o6mero 

q11cna .D,onycTHMhIX «MyTaUHOHHhIX TpaeKTopHì1». A 3TO 03Ha'laeT, 'ITO 3BO

JTIOU1111 Ha MOJTeKynHpHOM ypoBHe CBOHCTBeHHa BblCOKaH DOBTOpHeMOCTb H na

panJTeJil13M: 3BOJIIOUHH opraHH3MOB H TaKCOHOB He3aBHCHMO Apyr OT Apyra 

L{811)1(eTCH no napanneJTbHblM 3BOJIIOUHOHHbIM TpaeKTopHHM, H orpaHH'leHHOCTb 

'l11CJTa 3THX TPaeKTopttì1 L{e11aeT 3BOJIIOUHIO B )lOCTaTO'lHOì1 CTeneHtt npeL1onpe

.D,eneHHoì1. 

IV. EJ10 1mocmb. 

Ilo CBOeMy cymecTBY 3BOJII01ll1H C11CTeM eCTb nocneL{OBaTeJibHaH qepeL{a 

co6h!T11H, cuenJTeHHblX np11'IHHHO-CJieL{CTBeHHbIMH CBH3HMH. <PnyKTYau1111 npH

BOL{HT K H3MeHeHHIO OTL{eJlbHbIX 6JIOKOB, BXOL{Hllll1X B coo6mecTBa H 6Horeo

ueH03bl, 'ITO cnoco6crnyeT nepexo.D.y cttcTeMbI Ha cneL1y1oruttì1 yposettb cTpyK

Typtto-cpyttKUHOHaJibHoì1 oprattH3aUHH. B TO )!(e speMH nepecTpattsaIOTCH H 

peaKU1111 opraHH3MOB Ha 113MeHeHH51 cpe,Ubl, 'ITO DOBbIIIIaeT 3BOJIIOUl10HHYIO 

nJTaCTl1'lHOCTb 11 cpeHOTl1rIH'leCKYIO a)larIT11BHOCTb opraHH3MOB 11 TaKCOHOB. 

,.,, ·- I 
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0.UH11M 113 npmrnneH11ì1 qlJiyKTyau11ì1 11 6mpypKau11ì1 llBm1eTCll .uy6n11posa

HHe reHeTJillieCKOfO MaTep11aJia, pacurnpll!OIUee B03M0)1(H0CTl1 opraHl13MOB B 

xo.ue 3BOJIIOU1111. H.uell KOHBap11aHTHOH .uynn11Kau1111 reHOB KaK Ba)l(Heìiwero 

11CTO'!Hl1Ka CTa611JibHOCTl1 11 3BOJIIOU1111 611occpepbl BrrepBbie 6b1Jla Bh!CKa3aHa 

H. K. KoJI1>UOB1>1M 11 snocne.ucT01111 He3as11c11Mo )],"'. XoJI,rJ.eHHOM . CyruecTBy

eT rrpe.ucTaBJieH11e o TOM, '!TO IIOl!BJieH11e HOBhIX cpyHKUl1H B pe3yJibTaTe .uynn11-

KaUHl1 MO)l(eT ocyruecTBJil!TbCll nocpe.UCTBOM .uynn11Kau1111 cpparMeHTOB )l,HK 11 

perpo.uynn11Kau1111 11 11.llTl1 .UBYM.sl nyrl!Ml1 B 3aBl1Cl1MOCTl1 OT KOJil1'!eCTBa Bhl

nOJIHl!eMb!X reHOM cpyttKu11ì1 [ 152]. Ecn11 reH oTBe'!aeT 3a OtJ.HY cpyttKU11!0, TO 

nocne ,r1.y6n11poBaH11.s1 o,r1.Ha KOnHll , sepo.sITHee Bcero, no.u .ueìicTBl1eM cTa611JIH-

311py10ruero OT6opa OCTaHeTCll Hel13MeHHOH, a BTOpal! no.u .ueì1CTBl1eM HanpaB

JieHHOro OT6opa Ha'!HeT HaKanJil1BaTh CJIYlfaHHh!e Myrau1111, Ka)l(,llall 113 KOTOpblX 

MO)l(eT OKa3aThCll noJie3HOH, 11 B pe3yJihTaTe rrp1106peTeT HOBYIO cpyHKUl1!0 -

po.ucTBeHHYIO nepsoHa'!aJihHOH. Ecm1 reH BhITIOJIH.s1eT B opraHl13Me 6onee o.u

HOH cpyHKUl1JI, '!TO xapaKTepHO .llJlll MHOrHX reHOB, nOJIYtfeHHa.sI Myrau11.s1 CMO

)l(eT coxpaHl1TbCSI Jil1Wh np11 ycJIOBl111 ee IJOJie3HOCTl1 11 .llJlll .upyr11x cpyttKU11H, 

IJOCKOJihKY rpaHJIUhl 113MeH'!l1BOCTl1, B OCHOBHOM, orrpe.ueJISllOTC.sI arrpo611po

BaHHblMl1 B xo.ue 3BOJIIOU1111 6noKaM11. B 3TOM CJIYtfae ):(yrrn11Kau11si yBeJI11'!J1BaeT 

sepO.s!THOCTh pa3,[(eJieHl1.s! <jJyHKU11H Me)l(.uy KOIIl1.s!Ml1, KOTOpble 110,[(Bepra!OTCll 

HanpaBJieHHOMY oT6opy. B nocne.uHeM sap11aHTe IJOBhnuaeTCll seposiTHOCTh co

xpatteHl1ll Korr11ì1 e HOBhIMl1 cpyttKUl1llMl1. Pa3Hhie Korr1111 o.uttoro 11 Toro )l(e retta, 

np1106peTa.sI pa3HhJe cpyttKu1111, nosb1wa10T np11cnoco6JI.sieMOCTh 011,[(a. TaK, re

HOMHhie ):(YIIJil1Kau1111 y npe.UKOB fl03BOHO'IHblX CTaJil1 Ba)l(HOH npe):(IJOChJJIKOH 

.UJI.s! IIOCJie):(y10rueì1 3BOJIIOU1111 no nyr11 ycJIO)l(HeHl1.s! opraHl13MOB. )l,o Tex rrop 

IIOKa o6e KOIJl111 reHa He Ha'!HYT BblIIOJIH.s!Th B opraHJl3Me pa3Hb!e cpyHKU1111, ec

TeCTBeHHh!H OT6op He MO)l(eT OTCellTb 0.lll1H 113 Hl1X, II03TOMY o6bJ'IHO IJOCJie 

IIOJIHOreHOMHOH ):(YIIJil1Kau1111 coxpaHSllOTCSI Jil1lilh HeKOTOpb!e HOBbJe reHbl. 

Cpasttett11e rettoMa caMoro 11p11M11TJ1Bttoro rrpe.ucTaB11TeJI.s1 T11rra xop):(o

BhIX - JiattueTHl1Ka e reHOMaMl1 ):(pyr11x )1(11BOTHhlX fl0.llTBep):(11JIO f11IIOTe3y o 

TOM, '!TO Ha Ha'!aJihHOM 3Tarre 3BOJIIOU1111 1103BOHO'IHbIX np01130WJil1 .use IIOJIHO

re1:rnMHbJe .uyrrm1Kau1111, '!TO 11p11seno K yseJI11'lett1110 scero rettoMa B 4 pa3a. 

TaKa.11 )l(e rronttoreHOMHa.11 ):(y11n11Kau11.s1 11po113owna, Harrp11Mep, 350 MJIH JieT 

Ha3a.u y npe.UKOB KOCTl1CThlX pb!6 11 40 MJIH JieT Ha3a.U B O.UHOH 113 rpyrrrr JI.siry

weK. JlaHueTHl1KaM rrp11cyru O'leHb BhlCOKl1H ypoBeHh reHeT11'!eCKOro noJIJ1-

MOpcp113Ma, 'ITO, sepOl!THO, o6bSICHSleTCSI 11X Bh!COKOH 'll1CJieHHOCTblO B Te'!eH11e 

.uonroro 11cTop11'1eCKoro speMeH11. Pa3Mep reHoMa JiaHUeTHl1Ka cocTaBJI.sieT 

520 MJIH rrap HYKJieOTl1.llOB (rrp11MepHo B 6 pa3 MeHhWe, '!eM y '!eJioBeKa) 11 co

.uep)l(11T OKOJIO 21,9 Tb!C. 6eJIOK-K0):(11PYIOIUl1X reHOB (y '!eJIOBeKa OKOJIO 25 Th!C.), 

ero M0611JihHb!e reHeTl1'!eCKl1e 3JieMeHTbl COCTaBJI.sIIOT 30 % reHOMa (y 'leJIOBe

Ka - 6onee 50 %). ,[(yrrn11Kau1111 reHoMa naHuertt11Ka rrpo113own11 ~e rrocne 

Toro, KaK OT o6ruero 3BOJIIOU110HHOfO CTBOJia xop.UOBh!X OT,lleJil1Jil1Ch rrpe,11.KH 

JiaHUeTHl1KOB 11 o60JIO'!Hl1KOB, reHOMhl KOTOpblX He TOJihKO He B03pOCJil1 B 4 pa3a, 

HO .ua)l(e He Y.UBOl1Jil1Ch. JlaHUeTHl1Kl1 coxpaHl1Jil1 KOII1111 np11MepHO 20-25 % re-
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HOB, cpe.utt KOTOpblX pe3KO IJOBbIWeHa .UOJUI reHOB-perymITopoB aKTHBHOCTH 

.upyrttx reHOB, y'laCTBYfOlllHX B .ues!TeJibHOCTH HepBHOH Cl1CTeMbl, perymIUHH 

3M6pHOHaJibHOro pa3BHTHH H rrepe.uaqe pa3HOo6pa3HbIX CHrHaJIOB [153]. 
IJO-BH,UHMOMy, cne.uyeT OTKa3aTbCH OT KJiaCCl1'1eCKOro Jll1HeHHOro rrpe.u

CTaBJieHl1H 06 HCKJIJOlJHTeJibHOH p01Il1 CJiylJaHHOH l13MeHlJl1BOCTl1. B H3MeHlJH

BOCTH OlJeHb BeJIHKa pOJib IJOBTOpOB, KOTOpbie He TOJlbKO JIOKaJIH3YJOT l13MeH

lJHBOCTb, HO cJiy)J(aT BHyTpeHHHM HCTO'IHHKOM .uy6n11poBaHHH reHeTl1lJeCKOro 

MaTepttaJia. l1epapXHlJeCKl1H KOM6HHaTopHblH l1CTO'IH11K H3MeH'll1BOCTl1, e o .u

HOH CTOpOHbl, HeHC'lepnaeM, IJOCKOJlbKY 6JIOlJHaH 3BOJIJOUHH 3aTparHBaeT BCe 

ypOBHH cTpyKTYPbI 11 rro BepTttKam1, H rro rop1130HTaJI11. A e .upyroì1 crnpoHbI, 

OH He CBH3aH e noJIHbIM rrepe6opoM scex B03MO)J(HbIX rrocne.uoBaTeJibHOCTeì1, 

IJOCKOJlbKY orpaHl1lJeH «Ha.ue)J(HbJMH» 3JieMeHTaMH 11 6JIOKaMH. 

V. KoMnnf!MeHmap1-wcmb cuM6uo3a u KOH1()lpem1uu. 
B 6opb6e 3a cymecTBosa~rne no6e)J(.uaeT CHJibHeì1w11ì1 - TaK ClJHTanocb e 

MOMeHTa IJOHBJieHHH TeopHH 4apJib3a .[lapBHHa, IJ03TOMY Tpa.uHU110HHO .UBH

)J(yllleH CHJIOH 3BOJIJOUHH 6b!JIO np11Hl1TO ClJHTaTb KOHKypeHU11JO, B nepByJO 

oqepe.Ub KOHKypeHu11io 3a pecypcbr. Ha cero.uHH BbI.UeneH eme o.u11H He MeHee 

MOll(HbIH .UB11raTeJlb 3soniou1111 - c11M61103 11n11 s 3a11MOBb1ro.uHoe coTpy.utt11-

qecTBO He TOJlbKO pO.UCTBeHHbIX, HO H a6comon10 pa3HblX opraHH3MOB, KOTO

pblH B3HJI Ha ce6H Ba)J(Hble cpyHKUHH KalJeCTBem1oro ycJJO)J(HeHHH opraHtt3aUHH 

)J(HBOTHbIX H pacT11TeJibHbIX coo6mecTs. ITptt'leM HMeHHO co'leTatt11e 3T11x 

npOTl1BOIJOJI0)J(HbIX B3a11MOOTHOWeHHH B TpocpttL!eCKHX cen1x He TOJlbKO no

BbIIIJaeT ycTOHlJl1BOCTb KOHKpeTHblX coo6meCTB, HO 11 nocpe.UCTBOM .u11cpcpe

pettu11poBaHHOro 11 6011ee IJOJJHOro HCIJOJlb30BaHHH pecypcos (KaK 6HOTl1lJe

CKHX, TaK H a6ttOTl1lJeCK11X) co.ueì1cTByeT poCTy 6ttopa3H006pa3HH. 

ITpttMepoB B3attMorro11e3HOro .u11a11eKT11lJecKoro e.u11HCTBa rrpoT11sono11Ho

cTeì1 - CHM61103a H KOHKypeHU1111 - MHO)J(eCTBO, 11 Bee OHl1 roBOpHT B IJOJlb3Y 

He BeTBeì1 B 3Bo11iou1111, a, CKopee, rpexMepHbIX ceTeì1. CllttTaeTcH, 'ITO pa3B11T11e 

UBeTKOBblX pacTeHl1H 11 HaCeKOMbIX - 3TO npeKpaCHblH npttMep K03BOJJJOU1111, 

HO OKa3aJIOCb, lJTO 3Ta cpopMa conpH)J(eHHOH 3BOJJJOUHH 3apo.u1111acb eme .uo no

llBJieHl1H UBeTKOBblX. l13yqeHHe HCKOrraeMbIX CKOpnHOHHHU ( OTPH.U HaCeKOMblX e 

IJOJIHbIM npeBpameHHeM - rny60KOH nepecrpoì1KOH BHyrpeHHero H BHewHero 

CTpOeHl1H opraHl13Ma Ha npOTH)[(eHHl1 ero )[(l13H11), KOTOpble 0611rn1111 OKOJIO 165-
160 MJIH JieT Ha3a.U, BO speMH rocIJO.UCTBa ro11oceMeHHbIX, IJOKa3aJio, lJTO 3Tl1 Ha

ceKOMbJe y'laCTBOBaJIH B OIJbJJieHl1H pacTeHl1H. I..l,BeTKOBbJe pacTeHHH np1106pen11 

HaCeKOMbIX-OIJbJJil1TeJieì1, a HaCeKOMbie-OnbJJIHTeJil1 IJOJIY'IHJJH B3aMeH pacwttpe

HHe a.uarrTHBHbIX 30H. Ho, KaK BbIHCHl1JIOCb, np11cnoco6neH11H .UJUI nepettoca 

IJbJJibUbl H IJ11T3Hl1H HeKTapoM HaceKOMbJe nptto6pe1111 eme .uo Toro, KaK IJOHBH

JIHCb UBeTKl1 . IJo.uaBJJHJOlllee 60JibWHHCTBO qpe3BbllJ3HHO pacnpocrpaHeHHblX B 

Me3030e CKOpI1110HHHU TO)[(e yrroTpe6JIHJll1 B IJHlllY HCKJIJOlJl1TeJibHO paCTHTeJib

Hbie COK11. KaK l1 l1X COBpeMeHHl1KH, a TaK)J(e npe.ucTaBHTeJil1 .UBYKPbJJibIX, ceTlJ3-

TOKpbJJibIX l1 'lewyeKpbJJibIX, OHH 06na.uan11 cocymHM pOTOBbIM anrrapaTOM - Ha 
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nepe,nttei! qacn1 ronoBhI xo6oToK, Kotteu KOToporo pacw11peH. TaKall cpopMa po

Tosoro annapaTa rrp11crroco6netta ,nJIJ1 1111Tamrn pacT11TeJihHhIM11 coKaM11 11 HeK

TapoM, CO):lep)!(aIUHMl1CJI B UBeTKax IIOKpb!TOCeMeHHh!X HJIH cppyKT11cjJ11KaUl1JIX 

fOJIOCeMeHHh!X. 11, cornaCHO pa3pa6oTaHHOH aBTopaMH UHTHpyeMOH CTaTbH r11-

IIOTe3e, :no 11p11crroco6JieHHe 6bIJIO a):laIITl1BHOH peaKu11eì1 HaCeKOMh!X B rrep110):1 

6ypttoro pa3BHTl1JI ronoceMeHHhIX B !OpCKOM 11ep110,ne. A e 110J1sJieH11eM UBeTKO

BhIX IIOJIBl1JIHCh HOBbie 6onee cosepweHHb!e rpyrrrrhI HaceKOMblX-OllhlJil1TeJieì1, 

KOTOphie Bb!TeCHHJil1 CB011X rrpe):lwecTBeHHl1KOB [ 154]. 

VI. flpo2peccu6HblÙ xapaKmep 36011/0lJUU. 

lJeCTh rrepBOOTKphIBaTeJIJI rrporpecc11BHOro xapaKTepa 6HOJIOfl1'1eCKOH 

3BOJIIOU11H rrpHHa):IJie)!(l1T JK. li. JlaMapKy, paccMaTpHBasweMy ee KaK 11pOJ1B

JieH11e «11MMaHeHTHhIX» CBOHCTB opraHH3MOB, H3Ha'!aJibHO 3aJIO)!(eHHhIX B HHX 

TsopuoM [ 155]. 3rn 11,nean11cT11'lecKoe rromIMaH11e srrontte MaTep11an11cT11'!e

cKoro rrpouecca pa3,neJIJIJil1 K. !J>ou li3p, r. <I>. Oc6opu, 3. Kon, Il. TeìfHp 
)J.e lllap)J.eH H MHOrne ,npyr11e BhIL1a10IUHecJ1 rrocne):loBaTeJIH JlaMapKa. OcHOBhI 

cospeMeHHhIX rrpe):ICTaBJieHl1H 06 3BOJIIOUHOHHOM rrporpecce 6bIJil1 3aJIO)!(eHbl 

A. H. CeBepuoBLIM, OTMe'!aBIIIl1M tteo6xo,nHMOCTh pa3rpattH'lemrn rroHJ1T11ì1 

«6110JIOfH'leCKOfO» H «MOpcpocp113110JIOfH'leCKOfO» rrporpecca (611onor11'1eCKl1H 

rrporpecc - ycrrex rpyrrrrhl opraHH3MOB s 6oph6e 3a cymecrnosatt11e, a Mop

cpocjJ11311onor11qecK11ì1 rrporpecc - Ka'leCTBeHHOe ycno)!(Hett11e H ycosepweH

CTBOBaHHe opraHH3aUHH TaKCOHOB B XO):le 611onorn'!eCKOH 3BOJIIOUHH) [156]. 
B HaCTOJIIUee speMJI 6onhIIIHHCTBO yqeHhIX orrpe,nenJieT 3BOJIJOUHOHHhIH rrpo

rpecc KaK 611onor11qecKy10 3BOJIJOUHJO oT «rrpoCToro» K «CJIO)!(HOMy». Cpa3y 

)!(e OTMeTHM, 'ITO «IIpOCThlMH» H «CJIO)!(Hb!MH» MoryT 6hITh CTaTHKa H ):IHHa

Ml1Ka, CTPYKTYPa H cpyHKUHH )!(HBhIX CHCTeM, 11 3Tl1 cocTOJIHHJI ):laJieKo He sce

r,na COBIIa):lalOT. 0TCJO):la rrepMaHeHTHaJI HeO,[(H03Ha'IHOCTh 11 cy6beKTHBHOCTh 

HaIIJero BOCI1pHllTl1JI rrporpecCHBHOCTH 3BOJIIOUHH. B aHanorH'IHOH HHTepnpe

Tau1m e cjJH3HKO-Xl1MH'leCKHM HaneTOM rosopHTCJI o 6oph6e e 3HTPOIIHeH. 06e 

3TH xapaKTepHCTHKH JIBJIJIIOTCJI HHTerpanhHhlMH H He MoryT OTpa)!(aTb cjJnyK

TyaUHOHHh!H xapaKTep rrporpecCHBHOfO pa3BHTl1JI qepe3 611cjJypKaUHH. 

36011/0lJUOHHblÙ npozpecc xapaKmepu3yemcR: 

1) IIOCTyrraTeJibHh!M H HarrpasneHHh!M xapaKTepoM; 

2) corrpJ1)!(eHHh!M H HepaBHOMepHb!M xapaKTepoM 3BOJIIOU11H TaKCOHOB, BXO

,[(JIIUHX B 611oueH03hI; 

3) ycJIO)!(HeHHeM H ,n11cpcpepettu11au11eì1 OCHOBHhIX cpttnoretteTH'leCKHX JIH

HHH, rrpHBOLIJIIUHMH K ycKopeHHJO 3BOJIJOUHOHHoro rrpouecca 11 OAHOspe

MeHHO K ero Heo6paTHMOCTH; 

4) cpopMttposaHHeM sce 6onee rn6KHX cpopM pearnposaHHJI opraHH3MOB Ha 

H3MeHeHHJI BHeWHeìl cpe):lbl. 

TiocTpoettHaJI Ha rrpe,ncTasneHHJIX o 611cjJypKaUHJ1X uòeR npo2peccu6HOÙ 

360ll/071UU rrpe):IIIOJiaraeT ):IBH)!(eHHe 611onor11qeCKHX CHCTeM no «y,na'!HOH» BeTBH 
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nocne o'lepeL1HOH 6mpypKaUHH. B TOt.fKe 6mpypKau1111, KaK Mhl j')Ke rosopHJIH, 

CHCTeMa «3a6hrnaeT>> CBOIO HCTOpHIO, H BepHyThC5! qepe3 Hee L(JI5! nepexoL(a Ha 

LIPYTYIO BeTBh, B np11Hu11ne, HeB03MO>KHO. EyL(eT LIPYTa5! 6mpypKaUH5! H .UPYTa5! 

BeTBh. CHCTeMe MO>KHO TOJihKO BHOBh o6peCTH nOL(06He HCKOMOH HJIH npoì1.ueH

HOH CHTyau1rn . B 3TOM KaK p33 H COCTOHT CMhICJI e,UHHCTBa .UByx npoTHBono

JIO>KHOCTeH - nporpecca H Heo6paTHMOCTH B 3BOJifOUHH (B COOTBeTCTBHe e 3a

KOHOM Heo6pamU.MOCmU ff. /(OlUlO) . C cpH3Ht.feCKOH TOt.fKH 3peHH5! Mhl HMeeM ,Ue

JIO e KHHeTHt.fecKoì1 Heo6paTHMOCThlO. TepMO.UHHaMH'leCKM Heo6paTHMOCTh 

np05!BJI5!eTC5! B MaKp03BOJIIOUHH, a KHHeTHt.feCKa5! - B MHKp03BOJIIOUHH. 

C'IHTaeTC5!, 'lTO, e O.UHOH cTopOHhI, <mporpeccHBHa5! 3BOJIIOUH5! - 3TO 

co3.uaHHe B xo.ue ee npouecca Bee 60J1ee H 60J1ee opraHH30BaHHhlX, CJIO>KHhIX, 

ueneHanpasneHHhIX CTPYKTYP» [ 8 7] . A e L1pyroì1 crnpOHhI, 611onorw1ecKa5! 3BO
JifOUH5! KaK BhICrnee np05!BJJeHHe pa3BHTH5! >KH3HH Ha 3eMJie OC03HaHHOH H 

CcpOpMyJJHpOBaHHOH L{eJIH He HMeeT. Oo HaWeMy >Ke MHeHHfO, «UeJJh» nporpec

CHBHOH 3BOJlfOUHH - 3TO He CTpy KTypa, KOTopa5! Bcer.ua KOHKpeTHa, a o6ycJIOB

JieHHa5! CTPYKTYPOH rnrtpoKall B03MO>KHOCTh ocymecTBJil!Th 6onhrnoe KOJIHLJecT

BO «nOJJe3HhJX» L(Jlll Hee np11cnoco611TeJ1 hHhlX .ueì1CTBHH H KOHTaKTOB, o6ecne

LJHBafOIL{HX ycTOH4HBO CTh. CTpyKTypa 6 11onorn4ecKHX cHcTeM H HX <flYHKUHH 

e,UHHhl, HO pa11-1eceHhl B npoCTpaHCTBe H speMeHH. 0T6op OpHeHTHpyeTCll Ha 

cpyHKUHH, ,UHCKpHMHHaUHll npOHCXO,UHT B c<flepe L(HHaMHKH, a He CTaTHKH, 3a

KpenJJll5!Ch B UHKJiax o6paTHhlX CBll3e ì1 H KOHCepBHPYllCh B CTpyKTypax. 

Mo>KHO nonaraTb, 4TO Kp1.nepHH nporpecrnBHOCTH B caMOM o6w,eM B"1Ae MO>KeT 

6b1Tb Bb1pa>1<eH 4epe1 noHHrne ycTOH4HBocrn HJIH ycroH4HBoro pa3B"1TH5l 3KO

CHCTeMbl, 6HOL(eH03a HJIH TaKCOHa . V1Hb1MH CJIOBaMH, pa3BHBafOW,a5lCSl CHCTeMa 

CTaHOBHTCSl nporpeCCHBHOH, JIHWb nonas Ha ycTOH4HBYfO rpaeKTOpHfO pa3BHTH5l 

8 npocrpaHCTBe KOHKpeTHblX 6110-reO-KJIHMaTHYeCKHX ycnoBHH H 8 COOTBeTCT

BYfOW,eM speMeHHOM HHTepsane. 
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